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DISPOSAL OF RADIOACTIVE WASTE 


TT“HE problem. of waste disposal is as old as life 
itself, and although it has raised difficulties in 


the past, there is no reason why the disposal of 


carried out in a 


Man’s knowledge 


radioactive wastes should not be 
completely satisfactory manner. 
of the deleterious effects of radiation is by no means 


complete, but it is probably as extensive as his 


knowledge of any other single potential source of 


injury. Moreover, his attitude towards radiation is 
one of greater concern and caution than towards any 
other comparable danger. At the same time, almost 
all users of radioactive material recognize that they 
will damage the future of their industry, perhaps 
irreparably, if they adopt an irresponsible attitude 
towards the disposal of radioactive waste. In 
return, they have the right to expect a balanced 
appreciation and understanding of their problems by 
the community for which they work. 

The importance of these problems was emphasized 
by the Conference on Radioactive Waste Disposal 
Monaco in November by the Inter- 
Energy Agency and the United 


organized at 
national Atomic 
Nations Educational, Scientific and Cultural Organ- 
ization. This Conference, with about three hundred 
participants from more than thirty countries, dealt 
with the handling and treatment of radioactive waste 
as well as its disposal into the atmosphere, the sea 
and the land. The Conference programme gave special 
prominence to the marine problems, partly because 
the Conference was held in the Oceanographic Museum 
of Monaco, but mainly because there is at present a 


widespread international interest in the freedom of 


the seas and the utilization of marine resources. 


The problems of waste disposal involve many 


scientific disciplines, and one of the principal aims of 


this Conference was to draw these disciplines together. 
In this it has succeeded to a considerable extent. 
However, too much time was spent in discussing the 
treatment and handling of waste prior to disposal, 
land there was no attempt to explain the technicalities 


f radioactivity to specialists in other fields, many of 


hem clearly meeting these technicalities for the 
irst time. There was also some repetition of informa- 
ion on the types and quantities of wastes from 
ational atomic energy projects, and this repetition 
ould have been avoided by the presentation of a 
ingle paper reviewing the problems from an inter- 
ational point of view. In spite of these weaknesses, 
Bonsiderable progress was made towards explaining 
he problems of the user or producer of radioactivity. 
id conversely the representatives of atomic energy 
rojects now have a better understanding both of 
e natural fears of the biologist and ecologist and 
' the extent to which these and other specialists 
an help them in achieving the safe disposal of waste. 


Technically, this was not a conference of dis- 
closures, and probably the information 
presented was already known to specialists in the 
relevant fields. The progress which has been made 
has been in the field of defining principles and how 
they should be applied, and understandably this has 
not been achieved without differences of opinion, 
some of which have not yet been resolved. These 
differences did not appear during discussions on 
gaseous waste, nor in sessions dealing with disposal 
into geological formations. They were almost entirely 
confined to the problems of the marine environment. 
The two subjects which aroused the greatest interest 
were the discharges of low and intermediate activity 
wastes to the sea from Windscale, in Cumberland, 
and the technical and legal problems posed by the 
international nature of the sea. Although some of 
the questions contained critical implications, there 
was little direct criticism of the Windscale discharges, 
and a favourable impression was created by the 
reports of the considerable amount of work under- 
taken before and during the discharges. There was, 
however, a complete opposition of views on the legal 
question. It was the general view that present inter- 
national law is not adequate to deal with radioactive 
waste, and that eventually it will be necessary to 
agree on an international convention. <A strongly 
expressed minority view considered that all discharges 
of radioactivity to the sea are dangerous and that it 
would be wrong to discuss any proposals for legalizing 


most of 


them. 

The British view at the Conference, supported by 
American oceanographers and biologists, was that 
the use of radioactive materials and nuclear power 
necessarily involves the releases of small amounts of 
radioactivity to man’s environment. These releases 
cause some additional radiation exposure of man, and 
their significance can be judged by comparing this 
exposure with the recommendations of the Inter- 
national Commission on Radiological Protection. 
The exposures must be kept. below the reeommenda- 
tions of that Commission regardless of the cost in 
human effort, and it is desirable to keep them as far 
below these recommendations as is practicable. In 
assessing whether a reduction is practicable, it is 
necessary to consider the level of exposure as @ 
fraction of the Commission’s recommendations and 
the reduction factor likely to be achieved, as well as 
the effort involved in achieving it. This view appears 
to be shared by the representatives of almost all the 
atomic energy projects. An alternative view wuich 
appeared to underlie some of the contributions, and 
which was expressed in more detail in personal dis- 
cussions, holds that no expenditure of effort is too 
great if it reduces human exposure, and that, with 
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sufficient effort, releases of radioactivity to man’s 
environment can be reduced to zero. In its simplest 
form, this view was expressed as an outright con- 
demnation of any discharges of radioactivity to the 
sea, or to other parts of man’s environment. The 
weakness of the position adopted by the supporters 
of this view is in the absolute nature of their claim, 
Some quantities of radioactivity are demonstrably 


trivial in any environment, and a complete denial of 


this can have only one practicable meaning—that no 
use can be made of radioactive materials or nuclear 
power. Clearly the supporters of this absolute point 
of view are not anxious to achieve the banning of 
artificia! radioactivity and nuclear. power ; their aim 
is presumably that of all the specialists in this field, 
namely, to deal with radioactive waste in ways which 
do not harm man or spoil his environment. By 
refusing to admit the possibility of agreeing either on 
scientifically based standards or on legal provisions 
controlling the disposal of waste at sea, they are 
actually reducing the chances of achieving this aim. 

It would be wrong to under-estimate the importance 
of these differences of opinion, and we shall certainly 
hear more of them in future conferences on atomic 
energy and on such things as the law of the sea. On 
the other hand, they were by no means a dominant 
feature of the Monaco Conference, which should be 
remembered more for the opportunities it gave for 
exchanging views. There was complete agreement 
that nuclear power must not be allowed to impair 
man’s use of the resources of the sea, either now or 
in the future, but as one prominent oceanographer 
remarked—the ability to receive wastes without 
damage is one of the resources of the sea. If an 
appropriate balance is to be obtained between the 
utilization of marine resources and the cost to man- 
kind of nuclear the oceanographers and 
marine biologists must join the chemists and chemical 


power, 


engineers in quantitative studies aimed at providing 
governments with the scientific basis of a balanced 


decision. 


BIOLOGICAL CONCEPTS BEFORE 
DARWIN 


Forerunners of Darwin 

1745-1859. Edited by Bentley Glass, Oswei Temkin 
and William L. Straus, Jr. Pp. viii+471. (Balti- 
more, Md.: The Johns Hopkins Press; London: 
Oxford University Press, 1959.) 52s. net. 


HEN a man has done many things he is more 

likely to have had numerous forerunners than 
if he had done nothing, and their number is no 
disparagement to his achievement, as can be seen in 
the case of Darwin. This is all the more so when the 
forerunners are selected from only a part of his 
fields of activity, represented by evolution by natural 
selection and omitting his work on coral reefs, voleanic 
islands, insectivorous plants, climbing plants, cross- 
fertilization, and methods of communication between 
animals by means of the expression of the emotions. 
The forerunners in the field of transmutation of species 
and the methods by which it has been brought about 
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are by themselves quite sufficient to fill a splendid 
volume. 

From a recently discovered letter addressed by 
Darwin to Baden Powell, the contribution which 
Darwin claimed as his own unaided achievement is 
now precisely known. It is to have discovered th« 
explanation of “how species become modified, & to 
a certain extent how the theory of descent explains 
certain large classes of facts’, in which respect he 
received no assistance from his predecessors. As 
more and more manuscripts come to light, and exist 
ing documents are studied more critically, the 
number of forerunners in any field increases. With 
the help of hindsight, as Prof. Loren C. Eiseley has 
shown, it is possible to read into some works certain 
ideas which, in fact, their authors did not consciously 
recognize. He has established a criterion which must 
be satisfied before a forerunner of Darwin can b: 
accepted as a real precursor. There must be recogni 
tion of the similarity between artificial and natura! 
selection, and the conception of unlimited organi: 
change in vast periods of time. Played according to 
these rules, the exploration of biological concept: 
prior to Darwin is a fascinating game to which th: 
book under reviéw is a perfect guide. Its fifteen 
chapters are as many essays On various aspects 
of the theory by a number of recognized experts, and 
the fact that some points here and there will lead to 
disagreement on matters of detail only shows how 
stimulating and thought-provoking the hook is. 

GAVIN DE BEER 


PEDOLOGY 


Fundamentals of Soil Science 

By Prof. C. E. Millar, L. M. Turk and Prof. H. D 
Foth. Third edition. Pp. x+526. (New York: 
John Wiley and‘Sons, Inc. ; London : Chapman an<d 
Hall, Ltd., 1958.) 62s. net. 


Introduction to Soil Science 
By Prof. G. W. Leeper. Third edition. Pp. viii 
2224-12 plates. (Carlton: Melbourne University 
Press ; London : Cambridge University Press, 1957.) 
30s. net. 
The Study of the Soil in the Field 
By G. R. Clarke. Fourth edition. Pp. 204 +6 plates. 
(Oxford : Clarendon Press; London: Oxford Uni- 
versity Press, 1957.) 358. net. 
LTHOUGH pedology has now advanced to the 
point where it has become a coherent discipline 
worthy to be taught as a subject in its own right at 
university-level, it has for too long been regarded 
simply as a branch of husbandry, taught in agricul- 
tural faculties for agricultural ends. One result of this 
is the present lack of adequately trained pedologists ; 
another is the virtual absence of good up-to-date 
text-books which develop the whole,subject in a 
balanced and logical fashion. Unfortunately, neither 
of the two general text-books under review does any- 
thing to rectify this situation. 

*‘Fundamentals of Soil Science” in no way lives up 
to its title. It is a superficial descriptive text, 
adequate, perhaps, for potential farmers familiar 
with North American conditions but quite unsuitable 
as the university text-book which it claims to be, for 
two main reasons. 

In the first place, it fails to take advantage of the 
results of modern work (for example, on the structures 
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and colloid chemistry of the silicate minerals) to 
explain in fundamental terms the processes occurring 
in soils. Secondly, it glosses over all debatable points, 
making no attempt to discuss them, and the inquiring 
student will find no bibliography. The book, there- 
fore, gives neither a sound training in pedology nor 
any encouragement to the student to use his powers 
of reasoning. Instead, it branches off into the realms 
of crop husbandry and a very long way from its own 
title. Further, the book is too long and too expensive 
for the material it contains, and the reader is irritated 
by the repetition of section headings in the form of 
little questions in the text. The inclusion of some 
good diagrams and photographs and a useful glossary 
unfortunately do not affect the criticisms given above. 

‘Introduction to Soil Science”’ is a far less ambitious 
book and is considerably shorter and cheaper. It is 
aimed at a similar audience but with Australian 
conditions especially in mind. The text is written in 
a clear, concise style and is readable and interesting. 
As the author himself points out, the arrangement of 
the chapters is not as logical as it might be—soil 
erosion, for example, is considered in the section on 
soil chemistry rather than with soil physics. Some 
suggestions for practical work are given in the 
appendix but, as with the material of the book as a 
whole, these experiments fall between the require- 
ments of the serious university student and those of 
the schoolboy who may be interested in soils. There 
is a short bibliography, mainly applicable to Aus- 
tralian conditions. 

“The Study of the Soil in the Field” is a very 
different proposition. This book, now in its fourth 
edition, represents the accumulated wisdom of one 
who has studied soils in the field for many years and 
who is something of a philosopher. It is primarily a 
lucid and concise text-book of field procedures and 
is virtually indispensable for anyone, be he student 
or practising pedologist, who wishes to study the 
soil in its natural context. The book is essentially 
written in the light of experience in Britain, but 
frequent comparisons are made with conditions else- 
where. A new addition is the chapter on the use of 
air photographs in soil surveys. It contains usoful 
information on air photographs in general, but 
becomes rather vague in the section on actual inter- 
pretation for soil survey purposes. The photographs 
with accompanying traces are very interesting, but 
demonstrate the usefulness of air survey for geological 
and ecological rather than for pedological purposes. 


R. M. S. PERRIN 
PRACTICAL INSECT 
MORPHOLOGY 
Manual of Insect Morphology 
By Prof. E. Melville DuPorte. Pp. xi-+224. (New 


York teinhold Publishing Corporation ; London : 


Chapman and Hall, Ltd., 1959.) 40¢. net. 
pe volume is a publication of the typescript 
notes used by the author when he was teaching 
his laboratory class. It gives direct instructions for 
making nearly two hundred examinations and 
sections, using insects that can easily be obtained in 
quantity. Naturally, North American insects are 
specified, but equivalent substitutes can be found in 
other regions. After familiarizing the student with 
the idea of segmentation, and with the basic con- 


dis- 
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struction of a segment, the manual gives ten chapters 
to external structures, and six to internal organs. 

Instructions are explicit, and the language is com- 
mendably simple and direct. New terms are put in 
italics the first time that they are introduced, but in 
spite of this a student would fairly often come upon 
a word that is not defined in the text nor in the in- 
adequate glossary on p. 6. He would have to remem- 
ber such words as ‘condyle’ and ‘invagination’ from 
the lectures that he is presumably attending con- 
currently with his laboratory course. 

So far as the text goes, this manual is excellent. 
It is clearly printed, helpfully divided into convenient 
sections, and uses a variety of type-faces to the best 
advantage. It deserves high praise for presenting so 
much information in such a readily accessible form. 

The problem for the reviewer, and for the potential 
user, is to know what to say about the almost total 
lack of illustration. There are only fourteen figures, 
all schematic line-drawings of the simplest kind. We 
are told that they are intended as a guide to the 
structure, and that none of them is an exact repro- 
duction of any known insect. In fact, they are the 
sort of diagram that a lecturer might rough out on 
the blackboard, talking and explaining all the while ; 
without the lecturer to explain them they do not 
add much to the text. There are no drawings at all 
of what one may expect to see after making any of 
the dissections. ‘Students are advised to study the 
drawings in the text-book or other writings of Snod- 
grass, as well as the work of other competent entomo- 
logical illustrators.” One can sympathize with the 
author’s problem. Two hundred anatomical drawings, 
fully lettered, would have cost a lot to make, and 
more to publish. The price of thi.. Wook is already 
too high for what it is, and with such tip ures it would 
be prohibitive. Yet without any fig:res I do not see 
how it can be used by an unaided svsdent. He has 
neither the time nor the experience needed to be 
able to apply a verbal description, however lucid, to 
an unskilled dissection. 

The manual may be useful to som 
entomologists—a demonstrator called 
course in insect morphology, or a specialist in one 
group who wishes to study the anatomy of related 
H. OLDROYD 


experienced 
on to give a 


gro. Ips. 


ULTRASONIC PROPAGATION 


Absorption and Dispersion of Ultrasonic Waves 
By’ Karl F. Herzfeld and Theodore A. Litovitz. 
(Pure and Applied Physics: a Series of Monographs 
and Text-books, Vol. 7.) Pp. xviii+535. (New York : 
Academic Press, Inc.: London: Academic Press, 
Ine. (London), Ltd., 1959.) 14.50 dollars. 


XINCE the appearance of the paper of P. Debye 
.J on the effects of high-frequency relaxation in the 
propagation of electro-magnetic waves in substances, 
much research has been done in that field of study and 
many books and papers published. Less attention 
has been devoted to the corresponding relaxation 
effects in the propagation of compressional waves, 
though the discovery by G. W. Pierce in 1925 of a 
dispersion in the velocity of high-frequency sound 
waves in carbon dioxide gas marked the beginning 
of new studies which have occupied a considerable 
number of research workers in physics and physical 
chemistry since. 
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It is opportune that we should now have a general 
survey of acoustical relaxation effects; and the 
authors of this volume, by their researches on both 
the theoretical and experimental aspects, are well 
equipped to make it. The plan of the book is suc- 
cinctly set forth in the introduction. The evidence 
for relaxation, shown by a frequency-dependent 
specific heat and consequent excess absorption, is 
examined in the light of various theories, in particular 
those based on the idea of a buik viscosity. From 
single relaxation times we pass to multiple ones and 
to interactions between different types of molecules 
in mixtures. 

The weakness of all theories in this field has been 
that, though the existence of relaxations had been 
experimentally proved, the relaxation times them- 
selves could not be deduced a priori, but in Chapter 7 
the probability of energy transfer during the passage 
of the sound wave is discussed, and calculations 
made of the ratio of the relaxation time to the mean 
free time between collisions for a diatomic gas, and 
hence of the relaxation time itself as a function of 
temperature. 

Later the experimental results for liquids are 
presented. The relevant theory is much more 
difficult, and at present one can only discuss the 
results phenomenologically. 

The book is an excellent and detailed account of 
the present state of ultrasonic propagation in fluids 
and should be read by all who work in this field or 
wish to examine the latest theories of relaxation in 
fluids. There is no discussion of ultrasonic propaga- 
tion in solids and, in this respect, the title is too 
general; although, as the authors point out, there 
eXist books which cover the Omission. 

E. G. RicHarDsON 


NUCLEAR POWER TECHNOLOGY 
Nuclear Engineering Handbook 


Edited by Harold Etherington. (McGraw-Hill Hand- 
books.) Pp. Xv 1866 (London : McGraw-Hill 
Publishing Company, Ltd., 1958.) 194s. 


Nuclear Power Plant 

By E. Openshaw Taylor. Pp. vii+184. 
George Newnes, Ltd., 1959.) 30s. net 
Chemistry of Nuclear Power 

By Dr. J. K. Dawson and Dr. G. Long. Pp. vi +208 
(London: George Newnes, Ltd., 1959.) 


(London : 


8 plates. 
308s. net. 


Physics and Heat Technology of Reactors 
Transiated from the Russian. 
the Soviet Journal of Atomic Energy, Atomnaia 
Energiia.) Pp. v+174. (New York: Consultants 
Bureau, Inc.; London: Chapman and Hall, Ltd., 
1958.) 22.50 dollars; 168s. net. 


HE “Nuclear Engineering Handbook” is an 

attempt to collect into one volume theory, 
forrnule and data from the many different branches 
of science and engineering which have contributed to 
the development of nuclear fission reactors. The 
contents include sections on mathematics, nuclear 
and reactor physics, isotope technology, radiological 


protection, heat transfer, materials, chemistry and 


chemical engineering, and mechanical design. The 
editors have realized how important it is that a 
handbook should be easy to use and have provided, 
in addition to an index, an extensive guide. 


(Supplement No. 1 of 
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The handbook contains an immense amount of 
information, extremely well organized. The kind of 
information given and the aim in giving it varies 
considerably from section to section. In the sections 
on mathematics the reader will find a neat review of 
algebra, geometry and analysis, starting from the 
basic arithmetical operations and including the 
theory of equations, vector analysis, probability, 
differential and integral equations, integral trans 
forms, the calculus of variations, etc. In spite of its 
clarity, however, this section is not likely to satisfy 
either mathematicians or others seeking mathe 
matical assistance in solving practical problems. 

In the numerous sections dealing with what might 
be termed the nucleonics of reactors, a comprehensiv: 
treatment is given, starting with nuclear physics and 
leading to a comparison of reactor design formula 
with experimental results. 

In the sections on fluid flow, heat 
materials, emphasis is placed on the application o 
information. The fundamentals of fluid flow ar 
sketchily treated, but a large amount of useful dat: 
is included in the form of tables, graphs and equa 
tions. The designer is also catered for in a section 
which includes general and detailed drawings o! 
several reactors and components. 

In a book of this kind it is not easy to strike 
balance between data and text. I would prefe 
greater emphasis on the former. In spite of thes 
minor criticisms, the book is invaluable to anyone 
who needs to be constantly in touch with severa 
of the diverse subjects involved in nuclear engit 


transfer and 


eering. 

“Nuclear Power Plant”’ 
treatment of the principles and problems of nuclea 
power plant design. The author has assumed that 
the reader’s scientific standard is that of the sixtl 


contains an elementai 


form science courses in schools in Britain, and except 
in relatively unimportant respects he has successfully 
kept the requirements to this standard. The arrange 
ment is logical, starting with a review of energy 
requirements and continuing with th: 
scientific and engineering aspects and concluding with 
a chapter on the economics of nuclear power stations 
The important topics both in science and engineering 


resources, 


have been well selected, and, although it is inevitable 


that simplifications are made in a book of this length, 
they are, in the present case, few and unimportant 

“Chemistry of Nuclear Power” describes the many 
important roles which chemistry takes in nuclea: 
power technology. Although not written special! 
for chemists, an elementary knowledge of chemistry 
is essential to understand some sections. The part 
which chemistry plays in refining raw materials, in 
fuel preparation and re-processing, in reactor tech- 
nology and in disposing of radioactive wastes is 
clearly indicated, as is the complicated relationship 
between chemistry and metallurgy. This book should 
go far to convince a sixth-form or first-year university 
student that the career of the chemist an nuclear 
technology is as interesting and important as that of 
the physicist. 

“Physics and Heat Technology of Reactors” con 
tains English translations of nineteen original papers 
by Soviet authors. The papers on reactor theory will 
be of special interest to Western readers because of 
the originality of the Soviet scientist in this field. 
Those dealing with heat technology are disappointing 
when seen in relation to the great amount of high- 
quality research in this subject which Soviet tech- 
nologists have carried out. W. MurGatroyp 
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PROFESSIONAL ENGINEERS IN BRITAIN 


rT HAT engineering can be practised as a profession 

| has been recognized in Great Britain for well over 
acentury. The registration. of professional engineers, 
a practice which has become established in a good 
many other parts of the world, has not found favour 
in Great Britain, and the standards of the profession 
have been built up and are maintained by the pro- 
fessional engineering institutions, notably the Institu- 
tions of Civil Engineers, of Mechanical Engineers 
und of Electrical Engineers. 

There has been since the Second World War in all 
the engineering institutions a good deal of reviewing 
of academic standards, of requirements for practical 


training, and indeed in quite a fundamental sense of 


meaning to be ascribed to the term ‘professional 
engineer’. It is not therefore surprising that Sir 
Willis Jackson should choose as the theme of his 
presidential address to the Institution of Electrical 


Engineers, delivered on October 9, *““The Making of 


Professional Engineers’’. 
Education, training and the social and economic 
tting in which engineers pursue their vocation come 
nder review in a balanced assessment and penetrat- 
ng analysis of what might be termed the production 
ind utilization of professional engineers in Great 
Britain. That the sustained effort which has been 
ide in recent years to attract an increased propor- 
on of the more able young people to take up careers 
n science or technology is beginning to bear fruit 
clearly evidenced by data given in the address. 
The numbers of schoolboys and schoolgirls passing 
he Advanced Level General Certificate of Education 
unination in the subjects of physics, chemistry and 
ithematies increased between 1953 and 1958 by 
me 59 per cent, 43 per cent, and 65 per cent, 
espectively, the corresponding increase in school 


ulation over fifteen vears of age in the period being 
me 26 percent. While radio, television, the national 
ess and official publications have all shared in this 
effort, there is no doubt that a major contribution 
has been made by industry by fostering a closer 
contact between schoolmasters and the staff of 
ndustrial organizations. In addition, the teaching of 
experimental science in the independent schools has 

en stimulated and greatly assisted by the Industrial 
Fund for the Advancement of Scientific Education 
which was established in 1955. 

(ratifying as this increase in numbers is, there is, 
on the other hand, little cause for satisfaction as to 
progress in the attempt to broaden the sixth-form 
chool curriculum. The comment is made that a 
factor which militates against any broadening of the 
curriculum is the high standard of specialist knowledge 

juired by the universities for entry to undergraduate 
While this is in large measure true. it must 
be realized that there are in fact two related factors. 
Che first is the admittedly high standard of know- 
ledge required and the second is the extreme pressure 
oft applications for the available places in the universi- 
t University places are highly competitive and the 
better the pass the better the chance of acceptance. 
[t may well be that sixth-form work in schools is 


courses, 


bedevilled more by the need to limit objectives, in 
the hope of achieving a high place in the examination, 
than by the intrinsic requirements of the examination 
syllabuses themselves. 

Another development in schocls which Sir Willis 
notes with disapprobation is the introduction of 
engineering subjects into the sixth-form curriculum. 
These, he suggests, are possibly introduced with the 
aim of stimulating interest in engineering as a career 
and providing an incentive to serious study. It 
would, however, be through a misconception of the 
educational needs of the professional engineer, if 
grammar schools were to encourage boys with little 
aptitude for mathematics and the basic sciences to 
continue at school up to the age of eighteen to study 
technical subjects. “The profession of engineering 
is,’ he asserts, ‘‘no haven for the scientific weakling.”’ 
That is a dictum which cannot be too often reiterated 
to every schoolmaster. 

Sc:ence teaching in schools is, however, determined 
by the availability of suitably qualified teachers, and 
the continuing shortage of teachers of science domin- 
ates all other considerations relating to the develop- 
ment of pure and applied science. Sir Willis Jackson 
states the facts with a simplicity which signalizes 
the urgency of the situation. In 1965 the school 
population of seventeen-year-olds will reach its peak 
of twice the 1959 numbers. In 1958, there were, in 
maintained secondary schools, some 8,900 teachers 
of mathematics, physics or chemistry, but more than 
800 posts in these subjects were either vacant or 
unsatisfactorily filled. While there is a small but 
definite improvement in the rate of recruitment to 
school teaching among science graduates, this will 
be completely outstripped by the rate of increase 
of the corresponding school population, altogether 
apart from the leeway which still requires to be made 
up. llowing that there is considerable reserve of 
capacity resulting from the small numbers in many 
sixth-form classes, it is none the less evident that the 
shortage must become acute. Referring to this 
problem, Sir Willis comments that salary is by no 
means the only consideration that affects the willing- 
ness of science graduates to enter the teaching 
profession. Teaching facilities, amenities and general 
conditions of employment are also important factors. 
It is worth while in this connexion to note that the 
shortage of teachers in technical colleges is less acute 
than in schools. Salary scales are rather better, but 
equally or even more importantly, the technical 
college teacher has greater freedom from incidental 
duties, has first-class laboratory facilities and he is 
encouraged to pursue research. In individual in- 
stances pupils have transferred from schools having 
inadequate science teaching to neighbouring technical 
colleges where fully satisfactory facilities have been 
available. While such transfers of pupils on any 
substantial scale would subvert for the time being 
the policy of building up the sixth-form science 
teaching in schools, their utilization as a tem- 
porary emergency measure should not be over- 


looked. 
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The number of undergraduate students of science 
and technology in the universities of Great Britain 
has increased by a factor of nearly three since 
1938-39 and now constitutes about 38 per cent of the 
total university student population of almost 100,000. 
For the most part these students pursue courses of 
three years duration. Of these undergraduates, about 
40 per cent study engineering or some branch of 
applied science ; but it must be remembered that 
an appreciable proportion of graduates in pure science, 
particularly in physics and chemistry, become tech- 
nologists. The Institution of Electrical Engineers 
accepts into its membership an increasing number of 
such physicists. 

Sir Willis Jackson takes note of the pressure to 
increase the length of the undergraduate course, a 
pressure resulting from the remarkable expansion of 
the field of knowledge and from recognition of the 
undesirable degree of specialization existing both in 
school and undergraduate courses. He does not, 
however, concede the point that if an extension were 
practicable it would necessarily be desirable to make 
it. He considers that for the majority of students of 
technology three years in the university constitutes 
a long enough preparatior for active participation 
in the affairs of life outside. In his opinion it is of 
greater importance to examine afresh the objectives 
and content of university courses in technology in the 
light of the new situation, in which a substantial 
contribution to the teaching of technology at univer- 
sity-level is being made by the colleges of advanced 
technology. This is indeed a matter of first impor- 
tance. The universities and the colleges of advanced 
technology are partners in the education of that 
section of the youth of Great Britain destined to 
become the professional engineers and applied 
scientists. 

The new diploma in technology has been conceived 
and developed with the underlying assumption that 
there is an approach to the study of applied science 
which has more emphasis on application than is 
appropriate to universities, but which can still 
constitute an academic discipline of university rank. 
It is believed that by virtue of the integration of 
studies with industrial experience, the student will be 
better able to appreciate aspects of technology and 
to approach, with greater understanding, subjects 
related to the organization of industry. This is the 
factor which gives its distinctive quality to the 
diploma in technology. The validity of this assump- 
tion is being put to the proof in courses which are 
now running in the eight colleges of advanced 
technology and in the regional colleges which have so 
far been established. There is encouraging evidence 
that these courses are justifying the hopes of their 
designers. At the same time, it is clear that a con- 
scious and sustained effort will be required to ensure 
that courses for the diploma in technology and 
courses in universities supplement one another and 
that, by fostering and emphasizing their distinctive 
qualities, the two combine to augment the national 
total of applied scientists. Sir Willis implies that 
both the universities and the colleges of technology 
should give serious thought to identifying what are to 
be the essential distinctive qualities of their courses 
30 that the danger may be avoided of both types of 
institution offering courses which academically are 
scarcely distinguishable. 

Postgraduate study and research are subjects also 
very relevant to the making of professional engineers. 
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Research in one form or another is the vital force ot 
academic life, whether the academy be a university 
or a college of technology. The spirit of inquiry 
which should characterize the outlook and inspire 
the teaching of the staffs of universities and colleges 
requires for its nurture not only a favourable intellec 
tual climate but also the physical resources for its 
growth. The pattern of the research schools in th« 
universities is essentially in the classical tradition 
in the sense that the master gathers about him a 
group of the most able young scholars who, on ons 
hand, draw inspiration from the master and on th: 
other furnish him with the stimulus of their fresl 
intellects and the challenge of their problems. Re 
search in the physical sciences requires facilities an: 
services of increasing magnitude and complexity 
and when the sciences are applied sciences, the situa 
tion becomes vastly more complicated by the inte 
relation between practice and science. Here unques 
tionably the stimulus of achievement in applicatio: 
can match and even surpass that of intellectual! 
curiosity. 

It is, in the opinion of Sir Willis Jackson, quit 
unrealistic to suppose that the teaching of technolog 
at its highest level can be carried out wholly or large! 
by men who occupy full-time teaching posts, unless 
these men return to industry or a similar environment 
at appropriate intervals. He commends the practic 
long established in other countries, by which, for 
limited periods, carefully selected experts fro 
industry or government establishments are given 
academic status and contribute to the advance:| 
specialist teaching of technology. Drawing a paralle! 
with the position of medical clinicians, who carry fu! 
academic standing in the universities, he goes on to 
suggest that the separation of establishments of thi 
Department of Scientific and Industrial Researc! 
from the domain of technological teaching constitut«s 
a serious national handicap. It would, he considers. 
be a useful first step if these research establishments 
and some of the research associations could \b: 


accepted as recognized institutions of universities 


in the sense that selected members of their staffs 
could be fully recognized as teaching members 
appropriate faculties. 

That the highest level of knowledge of the spec 
ized applications of science to technology resides in 
industrial and government research establishment 
and design departments is undeniable. It is, however, 
equally true that there is a network of informal 
association between the staffs of universities and 
colleges, and those of industrial organizations and 
government establishments. The extent and impor- 
tance of this must not be under-estimated. Exchange 
of information, participation in seminars, membership 
of research committees and the provision of specialist 
lecturers—all these feature in an informal and cordial 
co-operation from which the greatest benefit 1s 
derived. It is a widening of this association and it 
organization on a more formal basis which Sir Willis 
Jackson advocates. The practice in the technical 
universities of the Continent of Europe of appointing 
as professors distinguished engineers and scjentists in 
industry who then divide their time and attention 
between their academic and their industrial responsi- 
bilities possesses the great merit of bringing current 
industrial problems directly to the notice of students 
The Continental system, however, has its drawbacks 
Faculties are much less closely knit than in Great 
Britain, and co-ordination of teaching is, by com- 
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parison, relatively slight. Not infrequently academic 
visitors from the Continent remark with appreciation 
pon the unity and coherence not only of faculties 
but also of complete universities in Great Britain. 
If a university department were to lean unduly upon 
the support of a group of experts from outside, it 
would be in danger of weakening that intellectual 
integrity and coherence which are its priceless posses- 


sion Undoubtedly the strengthening of the link 
between technological teaching and industry is of 
major importance. The success of whatever methods 


are adopted to that end will be gauged by the growing 
ntrinsie strength of university and college depart- 


It is only relatively recently that universities and 
olleges have made regular and systematic provision 
for postgraduate study. Sir Willis stresses that the 
need for postgraduate courses will grow, and that 
articipation in providing them must be recognized 


ind accepted as an increasing necessity. Referring to 
postgraduate study in university departments of 
engineering, he subscribes to the view that a period of 
ndustrial training is an essential pre-requisite to the 
hoice of a field of advanced work and to effective 
idy in it. That industry has made only a very 
mited response to the offers of courses of post- 
vraduate study which have so far been made by uni 
sities is, in Sir Willis’s opinion, due in part to the 
hortage of graduates at a time of expanding industrial 
wtivity and in part to a measure of inflexibility in 
iniversities themselves. Courses of shorter duration 
than a full university session would, he believes, have 
n more attractive 
Sir Willis does not, however, refer to a feature of 
ostgraduate study which is of considerable signific- 
ince, namely, that there are in fact two fairly well 
lifferentiated types of postgraduate course which 
ight be described as specialist and fundamental 
lhe specialist course deals with a branch of technology 
n which advanced methods of analysis and’, design 
ive been formulated, the significance of which will 
best appreciated by someone already familiar 
ith the practice of the subject. The fundamental 
se, on the other hand, simply represents an 
nsion of the undergraduate course. The potential 
uch engineer who has completed the normal 


ndergraduate course in engineering starts his indus- 
trial career with a severe handicap in that he possesses 
only the most superficial knowledge of modern physics. 
In all probability he also has but little familiarity 
vith the methods now available for tackling intract- 
tble problems with the aid of computers. These are 
examples of fundamental matters, an appreciation of 
vhich is not critically dependent upon industrial 
equally importantly, they constitute 
gorous studies to which the mind is unlikely ever 
to be better attuned than at the end of the under- 
vraduate course. There are cogent arguments in 
favour of accepting for such fundamental courses, 
immediately after graduation, those honours 
graduates who show real aptitude for theoretical 


xperrence ; 


studies. 
In the provision of postgraduate courses on a part- 
basis, the major technical colleges of Great 
britain have a noteworthy record. The new colleges 
of advaneed technology are building up rapidly their 
ictivities in the postgraduate field, and their close 
issociation with industry places them in a _ very 
iivantageous position for doing so. Research 
projects undertaken with the view of qualifying 
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for the new higher award of the National Council for 
Technological Awards will normally be carried out 
mainly in industry but in close association with the 
teachers of one of the colleges of advanced technology. 
It is a happy augury for the future co-operation of 
universities and colleges of advanced technology that 
the postgraduate award of the National Council, the 
membership of the College of Technologists, will be 
available to suitably qualified university graduates 
and, equally, the universities will accept suitable 
holders of the diploma in technology as postgraduate 
students pursuing courses of postgraduate study or 
research leading to higher degrees. There is here an 
opportunity for forming a most fruitful association 
between the two types of institution. Just as at the 
undergraduate-level there will be a broad overlap in 
the courses themselves and in the qualities and the 
abilities of the men who pursue them, so in the post- 
yraduate field will there be many courses of study 
and many research projects which could be pursued 
equally well in either type of institution. None the 
less, if the theory of the diploma in technology is well 
founded, there will be a general bias towards more 
applied problems in the colleges of technology and 
towards more fundamental problems in the universi- 
ties. Common seminars, joint discussions and the 
occasional sharing of experimental facilities, will 
disclose a great community of interest and serve to 
engender that mutual respect which is the basis of 
true friendship. 

The professional engineer requires practical training 
in addition to his academic qualifications, and Sir 
Willis Jackson devotes a good deal of attention to 
this subject. The fact is that the practical training 
facilities of Britain are already inadequate in scale, 
and Sir Willis describes the shortage of these facilities 
as the Achilles heel of our national plans for the further 
development of technical and technological education. 
The large manufacturing organizations have well- 
developed schemes of graduate apprenticeship, but 
the number of young graduates requiring training is 
already in excess of the number which these com- 
panies can handle satisfactorily. Sir Willis advocates 
the more active development of group training 
schemes in which smaller and more specialized firms 
co-operate in a scheme in which their limited indiv- 
idual resources are cormbined to provide a balanced 
training. 

Difficulty in obtaining satisfactory practical train- 
ing is a matter which affects very directly the 
Dip.Tech.(Eng.), for the qualification certifies not 
only that its possessor has attained the requisite 
academic standard but also that he has satisfactorily 
completed the required period of practical training. 
The problem of ensuring that this training has been 
satisfactorily carried out and that a proper balance 
has been maintained among its constituent parts is 
not easy of solution. It does, however, demand the 
closest attention, for a reliable method of assessment 
of practical training will ensure for the diploma in 
technology, in its training aspect, the standing and 
recognition which it merits. 

Dealing with the utilization of our scientific man- 
power, Sir Willis considers that the efficient use of 
professional engineers and scientists is severely handi- 
capped by failure to tackle effectively the education 
and training of the craftsmen and technicians by 
whom they should be supported. In addition to that, 
there is, he believes, much duplication of effort in 
research and design departments within the large 
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organizations and between manufacturing industry 
and the research associations. This dissipation of 
effort reduces the resources which could be mobilized 
to launch a powerful attack on a new field. 
Shortage of university places and limitations in 
the availability of practical training facilities may at 
first sight appear a fairly domestic matter. The 
fact is, however, that these limitations react very 
seriously on our ability to provide education and 
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training for potential engineers and scientists from 
the Commonwealth and particularly from the under- 
developed countries. As a contribution to inter- 
national co-operation and as a tangible expression of 
good will, a substantial increase in our education and 
training facilities, provided specifically for overseas 
students of technology, would do much to strengthen 
our national self-respect and would redound in more 
senses than one to our credit. 


SCIENTIFIC CENTENARIES IN 1960 


By JOAN M. EYLES 


HE contributions to science made by royal 

persons lie more in the realm of patronage than 
in the performance of scientific work. One recalls 
the association of Charles II with the Royal Society, 
Louis XIV with the Royal Academy of Sciences in 
Paris and Frederick I with the Berlin Academy. 
Nevertheless, there have been some notable excep- 
tions. The two Medici brothers, Grand Duke 
Ferdinand II and Leopold, were deeply interested in 
science, had a laboratory, and were responsible for 
the formation of the Academia del Cimento. Both 
Prince Rupert, cousin of Charles II, and Philip, 
Duke of Orleans, brother of Louis XIV, devoted 
much of their time to scientific study; while in 
Scotland James IV took part in alchemical opera- 
tions. 

This year, in Lisbon, an International Congress of 
the History of Discoveries, to be held under the 
auspices of the Portuguese Government, will com- 
memorate the five hundredth anniversary of the 
death of another royal scientist, Prince Henry the 
Navigator. Prince Henry, the third surviving son 
of King John I of Portugal, was half English, for 
his mother was a daughter of John of Gaunt, the 
fourth son of Edward III. Prince Henry devoted his 
life to organizing voyages of exploration, both along 
the west coast of Africa and to the different groups 
of islands in the Atlantic. He resided for more than 
twenty years at Sagres, close to Cape St. Vincent, 
whence he could look out over the Atlantic. Here 
he briefed his captains and studied their reports. He 
employed skilled mathematicians and astronomers 
to instruct his navigators and to prepare charts, so 
that under his supervision Sagres became a centre of 
geographical research. The proceedings of the 
Congress should throw new light on this important 
era of discovery and colonization. 

Another outstanding man with a gift for organ- 
ization, this time an English physician, was Thomas 
Linacre (1460-1524). His name will always be 
associated with the foundation, in 1518, of the 
College of Physicians of London, of which he was 
the first president, meetings being held at his house. 
He also endowed three lectureships in medicine, two 
at Oxford and one at Cambridge. Linacre, who was 
physician to Henry VIII, and to many other great 
men of the time, had studied medicine at Padua. 
His only medical writings were translations of a 
number of works by Galen; but he was also the 
author of a Latin syntax and two elementary 
grammars, and he had a high reputation as a Greek 
and Latin scholar. 


The sixteenth century saw the beginnings of Britis! 
attempts at colonization of the North American 
coast. In 1585 a Jarge party was sent by Sir Walte: 
Raleigh to form the first colony. With them went 
Thomas Hariot, the man of science chosen by Raleigh 
to make a survey of the new land, and to report on 
the mineral resources, as well as plant and animal 
life. Hariot, born in 1560, and already distinguished 
as a mathematician, made a report, published in 
1588, entitled ‘“‘A Briefe and True Report of the New 
Found Land of Virginia’’, which is now a very rare 
book. Afterwards, he resumed the study of mathe- 
matics, and made important contributions to the 
theory of equations ; and he was the first to use the 
two signs of inequality. His book on algebra, “‘Artis 
Analyticae Praxis’’, was not published until 1631, 
ten years after his death. 

Contemporary with Hariot was the Swiss botanist 
Caspar (or Gaspard) Bauhin, born at Basle in 1560 
His principal work, “Pinax Theatri Botanici’, 
which he described some six thousand species, 
appeared in 1623, a year before his death. Bauhin 
did invaluable work in disentangling the many 
botanical synonyms in use at that time and also 
made one of the first attempts at systematic class- 
ification. He abandoned the method of describing 
plants in alphabetical order of name, and used 
instead a binomial nomenclature, in which he 
anticipated Linnaeus. 

This year is the tercentenary of the death of the 
mathematician who invented the slide rule, and also 
introduced those familiar signs, x for multiplic- 
ation and :: for ratio. This was William Oughtred, 
born at Eton, where his father was = master in the 
College. He was elected to a fellowship in King’s 
College, Cambridge, at the age of twenty. He was 
devoted to mathematical studies. and the time spent 
on them, he said, “I redeemed night by night from 
my natural sleep, defrauding my body, and inuring 
it to watching, cold and labour, while others took 
their rest’. Most of his life was spent as rector of 
Albury, in Surrey, where many students of mathe- 
matics, including Seth Ward, Wallis and Wren, visited 
him for instruction and discussion. Oughtred was 
the author of a highly esteemed text-book of arith- 
metic and algebra, ‘“‘Clavis Mathematicae’’, which 
went into a number of editions, and was later 
translated into English with a preface by Halley. 

Two men, both of whom became professors ol 
medicine at the newly founded University of Halle, 
and who shared an interest in chemistry, were born 
in 1660. The senior of the two was Friedrich Hoff- 
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mann, who gave his name to Hoffmann’s anodyne 
and carried out much analytical work on mineral 
waters. He visited England, and was elected a 
Fellow of the Royal Society in 1720. He had as 
iwsistant Georg Ernst Stahl, whose name will always 
be linked with the phlogiston theory. These two 
supported opposing schools of philosophy, Hoffmann 
being a mechanist, and Stahl a vitalist. This led to 
strained relations between them, and in consequence 
Stahl resigned his professorship, and became Court 
physician in Berlin, where he died in 1734. 
died six years later. 

\nother physician interests were not 
restricted to medicine was Sir Hans Sloane (1660 
1753), president. of the Royal Society during 1727-41, 
whose collection of books, manuscripts and natural 
history specimens, together with the Harley and 
Cotton collections, formed the foundation of the 
ritish Museum. Sloane lived to be nearly ninety- 
three, and it is only seven years since the bicentenary 
of his death was commemorated. 

rhe British Museum was first opened to the public 
in 1759, but years earlier there was 
opened in Oxford, a museum, the Ashmolean, which 
contained not only collections open to public view, 
but also a laboratory and school of natural history. 
The first keeper of this Museum was Robert Plot, 

ithor of the “‘Natural History of Oxfordshire’’. 
The second was his assistant Edward Lhuyd, the 
birth also falls this year. 
Welshman whose interests included 
philology and archeology, as well as botany and 

ology. He made a_ considerable 

sils, and prepared an illustrated catalogue of 
them, which was published in 1699. It was the first 
ystematic catalogue of British fossils. The Univer- 
ity had refused to publish it ; but ten subscribers, 
including Hans Sloane and Isaac Newton, put up 
the money for its publication, and it appeared in a 
mall edition of 120 copies. Lhuyd died at the early 
age of forty-nine, the victim of a chill caught, it is 
aid, through sleeping in a damp room at the Museum. 

Among the scientists who died in 1760 four call 

particular notice—an astronomer, an anatomist, a 
botanist and a chemist. The astronomer, Louis 
(rodin, was one of a party sent in 1735 by the Royal 
\cademy of Sciences in Paris to measure the length 
f a degree near the equator. After some years in 
Peru, Godin, having completed his mathematical 
vork with the expedition, accepted a post as cosmo 
grapher at the University in Lima. He died at 
Cadiz in 1760, aged fifty-six. 

The anatomist, J. B. Winslow, was born in 
Denmark in 1669, but became a naturalized French- 
man, and was also a member of the Royal Academy 
of Sciences in Paris. His lectures at the Jardin du 
Roi attracted large audiences, and his text-book of 
anatomy was in use for a century. He died in 
France at the age of nincty-one. 

rhe sexual system of plant classification advanced 
by Linnaeus was not accepted at the time by all 
botanists, and one of its most persistent opponents 
vas Charles Alston, professor of botany and materia 
medica at Edinburgh from 1710 until his death in 
1760. Alston had studied at Leyden under Boer- 
haave, and his opinion carried sufficient weight to 
prevent any general accéptance of the Linnaean 

stem in Scotland until after his death. 

In Germany, J. T. Eller (1689-1760), physician to 
rrederick the Great, was one of the many eighteenth- 


Hoffmann 


whose 


seventy -six 


rcentenary of whose 
Lhuvd was a 


collection of 
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century medical men who devoted much of their 
time to the study of chemistry. He carried out work 
on the solubilities of salts, and issued many papers 
in the publications of the Berlin Academy. Eller was 
also an influential supporter of Stahl’s phlogiston 
theory. 

Stahl’s theory was soon to be opposed by the 
revolutionary ideas of Lavoisier, and two chemists 
born in 1760 became teachers of the new chemistry 
in their own countries. Thomas Beddoes, born in 
Shropshire, is to-day more for his 
discovery of the young chemist Humphry Davy, 
whom he installed as superintendent of his Pneumatic 
Institute in Bristol], than for his chemical work. He 
was, however, a skilled chemist, and was reader in 
chemistry at Oxford during 1788-92. Attention has 
recently been directed to the efforts he made, while 
occupying this post, to improve the scientific side of 
the Bodleian Library (Robinson, E., Annals of 
Science, 11, 137; 1955). Beddoes had attended 
Black’s lectures in Edinburgh, and had met Lavoisier 
in Paris. His own lectures appear to have been very 
popular, for he wrote to Black in 1788 that he had 
“the largest class in chemistry that has ever been 
seen at Oxford within the memory of man, in any 
lepartment of knowledge”. Three years later he 
wrote to congratulate Black on his renunciation of 
the ‘‘old Chemical Theory”, from which it seems 
clear that Beddoes himself had already accepted the 
teachings of Lavoisier. 

The first Swedish text-book to support Lavoisier’s 
theories was written by Johan Gadolin, who was 
born at Abo, in Finland, on June 5, 1760. Gadolin’s 
early work was concerned with specific heat, but later 
he devoted himself to chemistry. He studied at 
Uppsala, and travelled widely in northern Europe. 
In 1794 he investigated an unusual mineral that had 
been found years before at Ytterby, near 
Stockholm, and separated from it the first of the 
rare earths, later named yttria. Afterwards the 
mineral in which it was found was named gadolinite. 
by Klaproth. In 1797 Gadolin was appointed 
professor of chemistry at the University of Abo, a 
post which he held for twenty-five years. He died 
in 1852, at the age of ninety-two. 

Passing on to those who died only a century ago, 
we note first the brilliant young Hungarian soldier 
and mathematician, Janos Bolyai (born 1802). One 
of the first to challenge the authority of Euclid, he 
constructed a non-Euclidean geometry, which was 
published as an appendix to a text-book of geometry 
by his father, also a mathematician, in 1832. Lack 
of recognition, and the translation into German of a 
similar work by Lobachevsky, which had appeared 
in Russian in 1829-30, disappointed Bolyai, whom 
Gauss described as a “genius of the first rank’’, and 
he published no other mathematical work. 

Another professional soldier who also made a name 


remembered 


some 


in science was General Sir Thomas Makdougall 
Brisbane, governor of New South Wales during 


1822-26. He established an observatory at Para- 
matta in 1822, and the Brisbane catalogue of stars 
published in 1835 was the result of observations 
made there. Succeeding Sir Walter Scott as president 
of the Royal Society of Edinburgh in 1833, he occu- 
pied the chair until his death in 1860. He was also 
president of the British Association at its fourth 
meeting, in Edinburgh, in 1835. Important mag- 
netic observations were made at his observatory 
at Makerstoun in Scotland, gaining for him the 








10 NATURE 


Keith Prize of the Royal Society of Edinburgh in 
L848 

A valuable step towards the theory of evolution 
was made when M. H. Rathke (born 1793), a native 
of Danzig, discovered the fish-like gill-slits and their 
blood vessels in the embryos of birds and mammals. 
Rathke’s extensive writings include many embryo- 
logical studies, the first detailed anatomical description 
of Amphioxus and accounts of many other marine 
animals. He succeeded the pioneer embryologist 
Von Baer at Kénigsberg, where he remained until 
his death in 1860. He was elected a foreign member 
of the Roval Society in 1855. 

Anthropology as a science can be said to have 
been established by J. F. Blumenbach of Géttingen, 
and his measurements of skulls entitle him to be 
regarded as the founder of craniology. It was not, 
however, until the Swedish biologist Adolf Anders 
Retzius (1796-1860) invented the cephalic index and 
used it as a basis for classification that craniology 
achieved a modern aspect. Retzius was born at 
Lund, and was one of three generations of distin- 


guished natural scientists. He carried out biological 


research in many fields, and pioneered the study of 


comparative anatomy in Sweden. 

The centenary of the birth of three well-known 
physiologists, two British and one Dutch, falls in 
May 1960. William Einthoven, born in Java, was 
professor of physiology in the University of Leyden 
for nearly forty-two years. He had a gift for solving 
physiological problems by physical methods, and in 
1913 he invented the string galvanometer, and 
applied it to investigating the electric phenomena of the 
heart-beat. This led to the development of the electro- 
cardiograph. In 1924, three years before his death, he 
eceived the Nobel Prize for Medicine. In 1926 he wes 
elected a foreign member of the Royal Society. 

Both the British physiologists, W. M. Bayliss and 
J. S. Haldane, did valuable work during the First 
World War, Bayliss in the treatment of wound shock, 
and Haldane, who had studied the respiratory 
processes under widely varying conditions, in the 
treatment of gassed patients. Haldane, who became 
director of the Mining Research Laboratory, was 
always particularly interested in problems affecting 
the health of miners. He received the Copley Medal 
of the Royal Society in 1934, two years before his 
Bayliss, well known as the author of “Prin- 
made an important 


death. 
ciples of General Physiology”, 
contribution to science when, in 1902, with Starling, 
he announced the discovery of secretin, the first of 
the hormones to be discovéred. He was elected a 
Fellow of the Royal Society in 1903, received the 
Copley Medal in 1919, and died in 1924. 

Another Nobel prize winner in medicine was 
N. R. Finsen, the Danish physician, who was born 
in the Faeroes in 1860. He discovered the curative 
effects of ultra-violet light, and was the first to use 
sunlight baths in the treatment of tuberculosis. 
He died a year after the award was made, when 
only forty-four 

Turning to chemistry, yet another recipient of a 
Nobel award was the German chemist Eduard 
Buchner, who died near Verdun, on the Western 
Front, during the First World War. In 1897 he 
expressed enzymes from yeast cells and showed that 
alcoholic fermentation was caused by chemical agents, 
and not by physiological processes in yeast cells, as 
was previously believed. He was awarded the Nobel 


prize for chemistry in 1907 
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An English chemist born in 1860 who cannot be 
overlooked is W. H. Perkin, junior, brilliant son of a 
brilliant father, who was professor of chemistry first 
in the Heriot-Watt College in Edinburgh, thence 
moving to Manchester, and finally becoming Wayn- 
flete professor of chemistry at Oxford in 1913. Here 
he remained until his death in 1929. Perkin carried 
out many important organic syntheses, and did 
much to advance the study of chemistry at Oxford. 

To attain outstanding distinction both as a scien- 
tist and as a classicist is unusual, but it is one of the 
claims to fame of Sir D’Arcy Wentworth Thompsor 
for he was a Darwin medallist of the Royal Society 
and also served as president of the Classical Associa 
tion (similarly Sir Archibald Geikie, the geologist, 
served as president of the Classical Association, and 
Sir Cyril Hinshelwood is now president both of the 
Royal Society and of the Classical Association). 
D’Arcy Thompson owed his deep knowledge of the 
classics to his father, professor of Greek in Queen’s 
College, Galway. He studied medicine at Edinburgh, 
his birth-place, and biology at Cambridge, where he 
tonk both parts of the Natural Science Tripos with 
first-class honours. When only twenty-four, he was 
appointed professor of biology in the newly founded 
University College of Dundee ; and there, and at St. 
Andrews, he remained actively at work until his death 
in 1948. Although his most outstanding work is his 
book “On Growth and Form’, his volume of essays 
entitled “Science and the Classics” is more represent - 
ative of his wide range of interests. 

There must be many old students of D’Arcy 
Thompson who remember him with affection and 
gratitude, for he loved teaching, and the same can 
be said of the geologist W. W. Watts (1860-1947), 
who became professor of geology in the Imperial 
College of Science and Technology (then the Royal 
College of Science) in 1906, and over a period of 
twenty-four years built up the present well-known 
school of geology. Although his devotion to teaching 
left him little time for research, he carried out 
valuable field-work in Shropshire and in Charnwood 
Forest. “Geology for Beginners”, the little book he 
first published in 1898, is still in print, and has 
probably been used by more elementary students of 
geology than any other work. Watts was president 
of the British Association in 1935, and in 1945, at 
the age of eighty-five, he delivered the first William 
Smith Lecture to the Geological Society of London. 

Another worker in the field of geology and geo 
graphy was Sir Sidney Burrard, who joined the 
Survey of India in 1884, and in 1901 published a 
paper on “The Attraction of the Himalayan Moun 
tains on the Plumb Lie in India’, which threw new 
light on the distribution of gravity anomalies 
Burrard was surveyor-general of India during 1911 
19. In 1913 he received the Victoria Medal of th: 
Royal Geographical Society for his work in India 

Other scientists born in 1860 include E. A. Sperry 
(American inventor of the gyro-compass; D. E 
Smith, historian of mathematics and founder in 1924 
of the History of Science Society in Boston; W. B 
Spencer, the anthropologist ; and J. G. Bartholomew 
the Scottish cartographer and one of the founder 
of the Royal Scottish Geographical Society. 

No reminder should be needed that 1960 is th: 
tercentenary of the first formal meeting, on Noven 
ber 28, 1660, of the Royal Society, although the Roya 
Charter was not obtained until 1662. 
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OBSERVATIONS RELATED TO THE IMPACT OF LUNIK II 
By G. FIELDER 


Director, Lunar Section, British Astronomical Association 
of the observations are consistent 


Those not consistent in this 
Photographs of moderate 


noted that most 
with the radio result. 
respect are asterisked. 


Be accompanying table gives particulars of 
observations which may be related to the impact 
of Lunik IT with the Moon. 


These observations refer to at least four different quality taken from the Pic-du-Midi, and from G. A. 
spots on the Moon’s surface and cannot all refer to Hole’s Observatory at Patcham, before and after 
the impact of the instrument container of Lunik IJ. the impact of the instrument container, do not 


However, more than one object may have hit the confirm any of the above observa- 


Moon. From the point of view of position, it will be 


appear to 
tions. 


OBSERVATIONS WHICH MAY BE RELATED TO THE IMPACT OF Lunik II 


Description of phenomenon 


September 13, 1959 
(and its duration) 


Observer(s) Telescope Univ. time Position on Moon 


Location 


Velocity of impact, ~.3 0°5 
km./sec. (instantaneous 
cessation of radio signals) 


Within 7’ are 
from centre of 


J. G. Davies 


4. C. B. Lovell Jodrell Bank 250-ft. Radio-telescope 21h, 02m. 23s. 
} 





(ref. 1 Moon’s disk 
: P. Moore (ref. 2) E. Grinstead 12}-in Reflector, 21h. 02m. 23 2s. 085, + 195 Pinpoint of light (< 0-5 sec.) 
, 300-400 
H. P. Wilkins Bexleyheath 15}-in. Reflector, 200 21h. 02m. 23s Close to Pinpoint of light and dark 
(ref. 3) Schneckenberg ring (few seconds) 
Bb. Balazs Dark spot, 4 km. in diameter, 
J. Balazs K onkoly 7-in. Refractor 21h. 02m. 30s. + 024, 434 expanding asymmetrically 
M. Lovas into a hazy, grey object 


elongated to N. Méan width 
then ~ 40 km. (14 min.) 


ans tebe Da 


P. A. Murray Carrickfergus 6-in. Reflector, 112 21h. 02m. 15s. Auwers Distinct brightening 
R. D. Williams Carrickfergus Small refractor, 30 21th. 02m, 15s. ~ Auwers } (1-5-2 sec.) 
Ss. Bradford* South Shields s-in. Refractor, x 120 22h. 03m. Littrow Dusky shading ( 17 min.) 
Some time between Patch becoming as large as 
\. Florsch Strasbourg 6}-in. Refractor, 150 21h. Olm. and 340, 259 Plinius A and doubling its 
21h. 05m. diameter in 3-4 min. of time 
R. t+. Townsend* Sanderstead 1 in. Refractor, 15 21h. 02m Near junction of black spot appearing to diffuse 


RK. P. Townsend* Sanderstead 2-in. Refractor, 20 


Vature, 184, 501 (1959) 


M, Seren. and rapidly (~ 5 min.) 
M. Tran. 

In vicinity of 
Littrow, Mac- 
Robias, and 
Rémer 


Jet black spot, expanding and 
turning dark grey (> 5 min.) 


21h. 02m, 


NEWS and VIEWS 


National Institute for Research in Dairying : 
Dr. A. T. R. Mattick 


Dr. A. T. R. Marrick, until September 30 deputy 
chief scientifie officer on the staff of the National 
Institute for Research in Dairying at Shinfield, 
retired on that date, having reached the age limit. 
\part from the period 1915-19, when he served in 
the First World War in the Royal Army Medical 
the whole of his working life has been spent 
Institute, which he has seen grow from very 
small beginnings to its present status as the outstand- 
ing dairy research institute in the Commonwealth, if 
not in the world. In 1919, he became a graduate 
assistant to Dr. R. Stenhouse Williams, and succeeded 
the latter as head of the young Institute’s Bacterio- 
logy Department in 1929. He became deputy director 
in 1948, still retaining the headship of the Bactericlogy 
Department. In October 1958, on the retirement of 
Prof. H. D. Kay, he became acting director. 

The development, during the past thirty years, of 
sound methods of dairy hygiene, both in Britain and 


( orp 
at the 


in countries abroad owes a very great deal to Mattick 
When Mattick took it over, his 
had a scientific staff of 


and his colleagues. 
Department at Shinfield 


three only, and its resources were meagre. With 
increasing funds and accommodation since 1933, 


and a carefully selected, growing staff, the early 
pioneer work was extended not only to cover the wide 
field of the application of microbiological science to 
the main problems of the dairy industry, but also to 
make substantial contributions to our basic know- 
ledge of micro-organisms. Thus, on one hand, his 
laboratory was largely responsible for defining the 
exact conditions of heat exposure necessary in the 
continuous process now almost universally employed 
in Britain for the pasteurization of milk (conditions 
duly incorporated into the official regulations), and 
on the other hand, for the detection, isolation and 
identification of the interesting and powerful anti- 
biotic nisin, produced by a streptococcus that he 
isolated from milk, and now being used industrially. 
These are but two examples from many that could be 
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mentioned of the types of problems tackled under his 
direction: Most of the leading dairy bacteriologists 
in Britain, and many of those in other countries, have 
engaged in research for longer or shorter periods in 
his laboratory. His training there of these young and 
not-so-young postgraduates laid the essential founda- 
tion for the advisory bacteriological branch of the 
National Agricultural Advisory Service. Mattick 
retires from a strong, active department, now of 
fourteen graduates and twenty-four assistants, not 
only as the acknowledged doyen of British dairy 
bacteriologists but also with a world-wide reputation 
as an outstanding research worker in pure and applied 
microbiology. His able successor as head of the 
Bacteriology Department at Shinfield is W. A. 
Cuthber}, until recently a senior bacteriologist in the 
Nationaf!-Agricultural Advisory Service. 


Preventive Medicine at Sheffield : 
Prof. John Knowelden 


Dr. JOHN KNOWELDEN has been appointed to the 
chair of preventive medicine and public health in the 
University of Sheffield. Educated at King’s College, 
London, and St. George’s Hospital Medical School, 
London, Dr. Knowelden qualified in 1942, and after 
a short period as house surgeon at St. George's 
Hospital, he was a surgeon lieutenant in the R.N.V.R. 
during 1942-46. In 1947 he graduated M.B., B.S.. 
in the University of London and was also awarded 
the D.P.H. with distinction. In the same year he 
was awarded a Rockefeller fellowship in preventive 
medicine, which he held during 1948—49 at the Johns 
Hopkins School of Hygiene and Public Health, 
Baltimore. In 1949 Dr. Knowelden was appointed 
to his present post of lecturer in the Department of 
Medical Statistics and Epidemiology at the London 
School of Hygiene and Tropical Medicine. Dr 
Knowelden is a member of the Medical Research 
Council Statistical Research Unit and has been 
secretary of a number of committees of the Medical 
Research Council, including the Poliomyelitis Vac- 
cines Committee which planned and executed the 
1956 field-trials of British poliomyelitis vaccine. Dr 
Knowelden is a joint editor of the British Journal of 
Preventive Medicine. 


American Geographical Society: Awards 


Tue following awards have been announced by the 
American Geographical Society : David Livingstone 
Centenary Medal, awarded by the Society “for scienti- 
fic achievement in the field of geography of the 
southern hemisphere”, to William E. Rudolph, of 
New York City, former chief engineer of the Chile 
Exploration Company and now managing consultant 
of Dorr Consultants; Cullum Geographical Medal 
to Dr. Albert P. Crary, chief scientist for the U.S. 
Antarctic Research Project, for geophysical research 
in both the North and South Pole regions, and for 
geographical discoveries ; Daly Medal to Dr. Richard 
Hartshorne, professor of geography at the University 
of Wisconsin, for his contributions to political 
geography and to “the history and methodology of 
geographic thought”’. 


University Grants Committee: Appointments 
To fill vacancies on the University Grants Com- 
mittee, the Chancellor of the Exchequer has made 
four new appointments. The new members, whose 
appointments will expire on December 31, 1964, are : 
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Sir Eric Ashby, master of Clare College, University 
of Cambridge ; Prof. F. W. Rogers Brambell, Lloyd 


Roberts professor of zoology, University College of 
North Wales, Bangor ; Prof. C. H. Philips, professor 


of oriental history and director of the School of 
Oriental and African Studies, University of London : 


and Prof. J. Monteath Robertson, Gardiner professor 


of chemistry, University of Glasgow. The retiring 
members of the Committee are : Prof. R. H. Matthew. 
professor of architecture, University of Edinburgh : 
Prof. P. B. Medawar, Jodrell professor of zoolog, 
and comparative anatomy, University College. 
University of London ; Prof. A. Robertson, previous] 
Heath Harrison professor of organic chemistry. 
University of Liverpool; and Sir George Thomson. 
master of Corpus Christi College, University of 
Cambridge, and emeritus ‘professor of physics, 
University of London. 


Zenith Reactor commences Operation 


Tue Zenith reactor at the Atomic Energy Estab- 
lishment, Winfrith, Dorset, started operating for the 
first time on December 19. The final stages of com- 
missioning the plant will be carried out during the 
next few months. The reactor has been built to 
operate under temperature conditions similar to 
those expected in a high-temperature gas-cooled 
power reactor. The reactor core consists of a nearly 
cylindrical assembly of 235 fuel elements, 8 ft. high 
and 4 ft. in diameter, in the form of graphite cylinders. 
containing pellets of fissile uranium oxide, fertile 
thorium oxide and graphite. The ends of the fue! 
elements are made of graphite which, with a 3-ft. 
thick graphite annulus surrounding the fuel, form a 
reflector to return some of the neutrons escaping fron 
the fuel into the core, so reducing the quantity o! 
fuel used. The reactor core is enclosed in a pressurt 
vessel through ‘which nitrogen is pumped in a 
continuous closed circuit. The nitrogen is heated by 
a 200 kW. heater as it enters the core: the hot gas 
raises the mean temperature of the core to 800° C 
At the top of the core the hot nitrogen is mixed 
with cooler gas before passing through the reflector : 
thus the reflector is kept at a mean temperature of 
400° C. The reactor pressure vessel and associate«| 
plant are enclosed in an airtight containing building. 
The reactor itself will be operated at a peak neutron 
flux of 10% neutrons/em.?/sec. at @ maximum nucleai 
power of 100 W.: the nuclear heat produced is 
thus negligible in comparison with the energy used 
to heat the core. 

Zenith is controlled by neutron-absorbing rods in 
the graphite reflector. There are 30 control rod holes 
disposed in a ring around the core: 20 of these are 
occupied by motorized control rods and _ fixed 
absorbers may be loaded into the other 10 holes. 
Six flux-measuring chambers are arranged in other 
holes at the inner edge of the reflector. There are 
four pulse-counting fission chambers, two for us: 
at high power and two at low power, and also two 
current fission chambers feeding shut-down amplifiers. 
Activity in the fuel elements will be at a low leve! 
because the reactor power will not exceed 100 W. ; 
this permits easy rearrangement of the core. The 
reactor cost approximately £400,000, including design. 
construction and commissioning. For the first two 
years after commissioning Zenith will be used to check 
reactor physics design calculations for the Dragon 
high-temperature gas-cooled reactor experiment (se¢ 


Nature, 183, 507; 1959). 
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Upjohn Cell Model at Royal Scottish Museum 


FOLLOWING the recent interest in the two B.B.C. 
television programmes on “Science International’, 
which featured Prof. Michael Swann, of the Natural 
History Department of the University of Edinburgh, 
and a group of scientists from world-wide sources, 
the notable background exhibit, the famous Upjohn 
model of a living cell magnified by 1,000,000 (Fig. 1), 
has been transported to the Royal Scottish Museum, 





Fig. 1, The Upjohn cell model 
Edinburgh, where it will be shown for six weeks. It 
was specially flown over from the United States for 
the two 1 hr. broadcasts, and has not been shown to 
the public anywhere outside the United States until 
ts exhibition in Edinburgh at the middle of Decem- 
The model reproduces in ‘Perspex’, in three 
dimensions, the accumulated researches into cell 
structures employing light and electron microscopes 
ver many The construction of the model 
as undertaken by the Upjohn Company, Kalamazoo, 
Michigan, and the research for it 

rhteen months, while the actual building, by Bill 
Burtin and his team of scientific model designers, 
ook more than eight months. It is a hemisphere of 
24 ft. diameter. First shown in June 1958 in San 
‘onvention of the American Medical 
\ssociation, it was moved to a Health Exhibition in 
the Coliseum, New York City, and then to the 
Museum of Science and Industry, Chicago, Michigan. 
In the Royal Scottish Museum it is attracting inter- 
ested crowds ranging from school classes to university 

particularly medical—studenss. In February it is 
to be flown back to the United States. 


ber. 


years. 
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Training in the Use of Isotopes 

THE second of the two self-propelled mobile radio- 
laboratories given to the International 
\tomie Energy Agency by the Government of the 
United States of America in April 1958 was handed 
over to an agency representative at the Oak Ridge 
Institute of Nuclear Studies on December 11. The 


Isotope 
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mobile laboratories are specifically designed to provide 
the tools for basic training in radioisotope handling 
techniques. They can tour a geographical area visiting 
high-schools and universities, and thereby make a 
training course easily available. At the request of 
the Government of Mexico, this laboratory will be 
used at several training establishments and universi- 
ties in that country during January, February and 
March 1960. In April, the laboratory will be sent to 
Argentina for a period of six months. 

In Buenos Aires a course has been 
organized by the National Atomic 
Energy Commission of Argentina 
for the training of twenty-five 
experts from Latin American coun- 
tries in the use of radioisotopes, 
especially in medicine and agricul- 
ture. For this purpose, the Inter- 
national Atomic Energy Agency is 
providing the services of two 
lecturers : Dr. Norman Veall from 
the Radioisotope Laboratory, Guy’s 
Hospital Medical School, London, 
and Dr. Robert Harold Wasser- 
mann from the Laboratory of 
Radiation—Biology, Cornell Univer- 
sity. Japan has put at the Agency’s 
disposal twenty fellowships of six 
months duration at the Isotope 
School of the Atomic Energy 
Research Institute of Japan, for 
training in the handling and applica- 
ion of radioisotopes in different 
elds. The Agency has secured the 
fervices of Prof. Milorad Mladjeno- 
vie from the Boris Kidric Institute 
of Nuclear Science, Belgrade, and 
Prof. James Francis Duncan from 
the Radiochemistry Department, 
University of Melbourne. 

The first mobile radioisotope laboratory has already 
been used for training purposes at the University of 
Vienna, and in Greece. It has just returned to 
Vienna after having been used at the Haus der 
Technik, Essen, Federal Republic of Germany, for 
training young radioisotope specialists, and it is 
expected to be used in the Far East during 1960. 


B.B.C. 


Physiological Examination of a Live Whale 

A 50-ron male finwhale beached on December 5 
at Provincetown on the tip of Cape Cod, and Dr. 
John W. Kanwisher, of the Woods Hole Oceano- 
graphic Institution, and Dr. Alfred W. Senft, of the 
Marine Biological Laboratory, were able to carry out 
temperature measurements and to obtain a cardio- 
gram before the whale died on the following day. 
The cardiograms showed a pulse beat of 25 a min. 
(human, 72 a min.) and an estimated size of the heart 
of about 225 kgm., compared to some 250 gm. for a 
human heart. Dr. Senft also determined the time- 
interval from the pacemaker to the contraction of the 
ventricle. As the condition of the whéele deteriorated, 
there were changes in the cardiogram not unlike those 
seen in the human ecardiogram when oxygenation is 
impaired ; it appeared that the whale suffered a 
conduction block, a common defect in man’s heart. 
While the cardiograms were being made, Dr. Kan- 
obtained temperature measurements and 
collected respiration samples from the whale’s 
blowhole. The internal body-temperature was 92° F., 
while the fins and tails had a temperature of 50° F. ; 


wisher 
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initially the dorsal fin (used as a radiator) was much 
warmer. Gas samples taken from the whale’s breath 
showed that the animal’s lungs were not functioning 
well. It extracted only a third as much oxygen 
from the inhaled air as a human being does. 


National Academy of Sciences—National Research 

Council 

Dr. KtNZEL, vice-president for research of the Union 
Carbide Corporation, has been appointed chairman 
of the Division of Engineering and Industrial 
Research, National Academy of Sciences—National 
Research Council, in succession to Vice-Admiral 
Edward Lull Cochrane. The Division of Engineering 
and Industrial Research is one of eight divisions of 
the Academy—Research Council, a private organiza- 
tion of distinguished scientists devoted to the further- 
ance of science for the general welfare and to advising 
the Federal Government, upon request, on any 
matter of scientific or technical interest. 


Textile Institute: Officers 

Dr. A. R. URQUHART, assistant director at the 
British Cotton Industry Research Association, and 
honorary secretary of the Textile Institute since 
1958, has been elected chairman of the Council of the 
Textile Institute, in succession to Mr. G. Loasby, 
who has resigned due to business commitments. 
Mr. J. C. H. Hurd, head of the School of Textiles 
of Leicester College of Technology and Commerce, 
follows Dr. Urquhart as honorary secretary of the 
Institute. Mr. A. Draper, director of William Birt- 
wistle Allied Mills, Ltd., Preston, continues in 
office as vice-chairman of Council, and Mr. A. F. W. 
Coulson, director of R. Greg and Co., Ltd., Stockport, 
continues in office as honorary treasurer. 


Harrison Memorial Prize 

APPLICATIONS for the Harrison Memorial Prize for 
research in chemistry are invited, and should be 
submitted to the selection committee not later than 
September 1. The prize is open to natural-born 
British subjects less than thirty years of age on 
December 1, 1959, and consists of a bronze plaque 
and a payment of 100 guineas. The selection com- 
mittee consists of the Presidents of the Chemical 
Society, Royal Institute of Chemistry, Society of 
Chemical Industry and Pharmaceutical Society. 
Further information can be obtained from the 
President, Chemical Society, Burlington House, 
Piccadilly, London, W.1. 


University News : Belfast 
Tue following appointments to lectureships are 
announced : Dr. A. K. Galwey and Dr. B. D. Flock- 
hart (physical chemistry); Dr. A. Scott (zoology) ; 
R. Tavener-Smith (geology); and W. E. Glover 
(physiology). 
London 
Pror. K. G. DENBIGH, professor of chemical 
technology in the University of Edinburgh (see 
Nature, 176, 583; 1955), has been appointed to the 
University chair of chemical engineering science 
tenable at the Imperial College of Science and Tech- 
nology from October 1960 in succession to Prof. P. V. 
Danckwerts, who has taken over the Shell chair of 
chemical engineering in the University of Cambridge. 
Dr. G. H. Williams, lecturer at King’s College, has 
been appointed to the University readers‘ in 
organic chemistry tenable at Birkbeck College. 
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Announcements 

THE Liverpool Geological Society Medal has been 
presented to Dr. J. C. Harper, senior lecturer in the 
Department of Geology, University of Liverpool, in 
recognition of his work on the Ordovician and Silurian 
faunas of North Wales and Ireland, and his services 
as an officer of the Society. 

Mr. J. H. GLOVER has been co-opted as secretary 
of the Polarographic Society in succession to Mr. W. J. 
Parker, who has resigned. All communications to the 
Society including subscriptions should be sent direct 
to Mr. Glover at 75 Craven Gardens, Wimbledon, 
London, 8.W.19. 

THE Institute of Welding has organized a Christmas 
Lecture with demonstrations, for young people, on 
“The Magic Are’, which is to be given by Prof. H. 
O'Neill. The lecture will take place on January 5 at 
the Institute, 54 Princes Gate, Exhibition Road, 
South Kensington, S.W.7. Further information can 
be obtained from the Secretary of the Institute at the 
above address. 

THE Society of Motion Picture and Television 
Engineers is organizing the fifth International 
Congress on High-Speed Photography, to be held in 
Washington, D.C., during October 16-22. In order 
to facilitate the organization of the Congress, it is 
desirable that intending authors should present their 
papers through their national delegate. Summaries 
must be received by February 16. Further informa- 
tion can be obtained from Dr. R. F. Saxe (United 
Kingdom national delegate), Queen Mary College. 
Mile End Road, London, E.1. 

A COLLOQUIUM entitled “‘Proteins of the Biological 
Fluids” has been organized by St. Jans Hospital, 
Bruges, during May 6-7. This is the eighth collo- 
quium of its kind to be held by the Hospital. Further 
information can be obtained from Dr. Hub Peeters, 
St. Jans Hospital, Bruges, Belgium. 

An International Symposium on Fermentation 
will be held in Rome during May 9-14, under the 
auspices of the Istituto Superiore di Sanita (Italian 
Institute of Public Health), the American Chemical 
Society (Fermentation Subdivision) and the Societa 
Chimica Italiana. It will consist of scientific papers 
and panel discussions by invited participants, and i+ 
open to all interested scientists. Subjects covered 
will include fermentation technology (oxygen trans 
fer, fermentor design, etc.), fermentation chemistry 
and fermentation biclogy. All inquiries should b: 
addressed to: Fermentation Symposium, Istituto 
Superiore di Sanita, Viale Regina Elena 299, Rome. 

A symposium on ‘Inhaled Particles and Vapours 
has been organized by the British Occupational! 
Hygiene Society, and will be held in Oxford during 
March 29-April 1. Further information can _ be 
obtained from Dr. J. 8. McLintock, Medical Service, 
National Coal Board, Hobart House, London, S.W.1 

Errata. With reference to the cormmunication 
entitled “Crystal Structure of L-Serine Phosphate 
in Nature of December 12, p. 1863, Prof. J. Monteath 
Robertson points out that in the last line on p. 1863, 
103 per cent should read 10-3 per cent. Formula I! 
is incorrect and should be : 

O(3) 


! 
HO(4)—P—O(1) 


O(2) 
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FLORA EUROPAEA IN VIENNA 


rT “HE first full meeting of the Flora Europaea 
Organization was held in Vienna during April 
\~7, 1959, at the Naturhistorisches Museum. The 
international gathering included ‘“otanists from 
\ustria, Belgium, Denmark, Finlanu, France, Ger- 
nany, Hungary, Iceland, Italy, Jugoslavia, Norway, 
Poland, Roumania, Sweden, Switzerland, Spain, as 
vell as members of the British Editorial Committee. 
\s editors, advisers and consultants of Flora Europaea 
they had come to discuss ways and means of con- 
solidating the progress already made in the project 
nd to debate the various theoretical and practical 
problems which have arisen so far. 
The meeting, officially a ‘round table symposium’, 
was organized by the Editorial Committee, and the 


local arrangements were made with the assistance of 


a preparatory committee of Austrian botanists under 
the chairmanship of Dr. K. H. Rechinger, director 
of the Botanical Department of the Museum. The 
\ustrian Ministry of Education contributed to the 
local expenses, and the International Union of Bio- 
logical Seiences made a grant to assist members 
attending. Introductory addresses were given by 
Prof. H. Strouhal, director of the Museum, Dr. K. H. 
Rechinger, and the chairman of the Editorial Com- 
mittee, Prof. T. G. Tutin (Leicester). Prof. Tutin 
recounted the history of the project, which originated 
as a result of discussions at the eighth International 
Botanical Congress held in Paris in 1954. He outlined 
the principles which had guided the Editorial Com- 
mittee in its decisions on the size, limits and scope 
of the work. It was essentially an attempt to summate 
in one work the essence of taxonomic research made 
on European plants during the past two centuries, 
and provide a concise and modern Flora of Europe. 

The main work of the meeting was divided into 
formal sessions in the mornings, during which papers 
were presented and discussed, and informal afternoon 
sessions, during which various practical problems 
were considered. These informal discussions con- 
tained much valuable material, which is being edited 
for inclusion with the main papers in the publication 
of the proceedings. 

The first major topic dealt with was the taxonomy 
of apomicts. Prof. D. H. Valentine (Durham) gave a 
paper outlining ways in which the Committee sug- 
gested the different kinds of apomictic groups could 
be treated. It was difficult to lay down general 
principles for the treatment of all groups since our 
knowledge of them is so uneven. In dealing with 
Hieracium, Taraxacum, Rubus, Ranunculus auri- 
comus, Potentilla, Alchemilla and Gramineae, he 
attempted to set the taxonomic problems against 
the background of our knowledge of the apomictic 


mechanisms and the evolutionary potentialities of 


the groups. Such an evolutionary approach, although 
not always of direct value, often helped the tax- 
onomist to assess what could be attempted and how 
far he could go. In Rubus, for example, new popula- 
tions are being constantly produged by hybridization, 
whereas in most of the Alchemilla vulgaris group no 
hybridization is known. Both groups have been 
fairly thoroughly investigated by taxonomists, but 
these evolutionary facts shoyld have a bearing on 
future attempts to produce workable taxonomic 
treatments. The problem for Flora Europaea was 
largely one of devising methods for curtailing and 


limiting the accounts. Only widely distributed taxa 
should perhaps be described and endemic taxa dealt 
with briefly, if at all. All apomictic groups will be 
dealt with by normal taxonomic methods and will be 
placed in aggregate species, subspecies or, in excep- 
tional cases, varieties. Experimental categories such 
as ‘agamospecies’ will not be used in the Flora, but 
reference to reproductive mechanisms and other 
relevant points may be made in the form of observa- 
tions in the text. This paper was extensively dis- 
cussed, and particular attention was directed to the 
procedure of Marklund in his treatment of Fenno- 
scandian Ranunculus auricomus representatives, which 
he grouped into four aggregates which were differ- 
entiated morphologically, ecologically and _ geo- 
graphically. It was the opinion of several speakers 
that a similar treatment could be applied to the 
whole of Europe. 

Prof. B. Pawlowski (Cracow) gave the second 
paper. He made four principal points: (a) for 
apomicts current taxonomic categories should be 
employed; (4) the degree of differentiation . of 
apomicts varies from group to group; (c) the most 
appropriate method of treatment should be left to 
the author of a particular group to decide; and 
(d) extensive descriptions should be permitted as a 
departure from the normal abridged ones of Flora 
Europaea. 

In the general discussion the point was made that 
the level of treatment possible in any apomictic group 
depended on a number of factors such as the kind of 
apomixis, the number of taxa likely to be involved, 
their stability, the treatments already published and 
how far they could be applied to Europe as a whole. 
Prof. R. Nordhagen (Oslo) suggested that the term 
vegetative apomixis was misleading and should be 
replaced. He believed that phylogenetic lines should 
be followed in the treatment of such groups as 
Taraxacum and Hieracium, but about Rubus he 
would not speak. Prof. H. Merxmiiller (Munich) 
proposed that in the Ranunculus auricomus group 
not only the extreme forms (R. auricomus and R. 
cassubicus) should be given, but also ‘central’ forms 
under which taxa not belonging to the corner forms 
could be accommodated. For Taraxacum he proposed 
as models the treatment given by Bécher, Holmen 
and Jakobsen in “Gronlands Flora” and van Soest’s 
survey of the phytogeography of the genus. The 
sections recognized are more or less equivalen’ to 
aggregates. Keys to this level should be sufficient 
with further information on apomicts of special 
interest. For Hieracium a possible method would be 
to follow Janchen in regarding Zahn’s Arten as 
aggregates and joining the Unterarten in greges, the 
keys not going farther than this level. The number 
of Zahn’s Zwischenarten would have to be greatly 
reduced by the exclusion of primary hybrids. Prof. 
W. Rothmaler (Greifswald) stressed that apomixis is 
only one of numerous methods in the plant kingdom 
and that there was not in principle a basic difference 
between a persistent inbreeder and an apomict. 
Normal taxonomic methods should be applied to 
these groups. Dr. A. Léve (Montreal) considered it 
unfortunate that many taxonomists adhered to the 
dictum of Winge that the description of hundreds of 
so-called apomictic species was laying ‘“‘too much 
stress on immaterial bagatelles’’, rather like the 
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collecting of postage stamps. Recent biosystematic 
studies had shown that apomictic taxa may be of 
considerable geographical and evolutionary import- 
ance. A practical solution could be achieved by 
combining the system of Turesson (using special 
categories agamospecies, agamotype, apomict) and 
that of Marklund. Thus, if the term agamospecies is 
accepted for apomictic microspecies as approximately 
the same level as the subspecies proposed by Mark- 
lund (and at a lower level than proposed by Turesson) 
it could be incorporated into the taxonomic system 
as a category at the subspecific level. The inclusion 
of only agamospecies at subspecific level would 
automatically indicate that the species itself is 
agamospermous, while the inclusion of one or more 
subspecies also would show that sexual seed formation 
is also known to occur in the species. Dr. N. Hylander 
(Uppsala) felt that such a system would not be 
workable since it was not known in many cases to 
what extent a species was agamospermous, and 
therefore such terms as hemiagamospecies would have 
to be introduced. 

The second set of papers dealt with problems of 
geographical distribution and taxonomy. Prof. H. 
Meusel (Halle) read a paper outlining his system for 
indicating the distribution of species by means of 
formule. This system is based on three main elements 

-countries, floral elements and geographical co- 
ordination (floral zones, oceanity-continentality, and 
‘étages’), and together with distribution maps sum- 
marizes a great deal of information in a short space 
(see Meusel, H., “‘Arealformen und Florenelemente 
als Grundlagen einer vergleichehden Phytochorologie”’ 
in Forsch. und Fortschur., 33, 163; 1959). Meusel’s 
scheme was greatly admired, and it was hoped that 
it could be extended to the whole of Europe, but it 
was felt that the limiting factor was the technical 
one of amassing and processing the data for thousands 
of species, especially from understudied floras, in 
time for inclusion in Flora Europaea. Moreover, the 
number of symbols involved was a serious drawback 
in a general Flora. 

This provoked an illuminating debate about the 
source and reliability of data used in indicating 
extra-territorial distributions in Floras in general. 
The indication in a more or less summarized form of 
the total distributions of species is almost traditional 
in most Floras. Dr. V. H. Heywood (Liverpool, 
secretary of the Editorial Committee) doubted the 
validity of these data im most cases, since they were 
almost invariably copied from the literature and 
errors were thereby perpetuated. Flora Europaea 
was not intended to be a_handbook of plant geo- 
graphy. Pref. D. H. Valentine emphasized the diffi- 
culty of knowing whether the species were the same 
in the various countries from which they are recorded 
according to these total distributions. Dr. Heywood 
then talked on some of the problems of taxonomy 
and distribution in the West Mediterranean, especi- 
ally the Iberian Peninsula, many parts of which are 
inadequately known from a floral point of view. 
This contrasted with taxonomically well-studied areas 
such as Scandinavia and Central Europe and created 
grave problems for the authors and editors of the 
Flora. One result of inadequate exploration in the 
Iberian Peninsula was that patterns of distribution 
were far from clear. Gaps may be due to incomplete 
knowledge and not to the fact that the species con- 
cerned show discontinuous areas. The concern here 
was with basic taxonomy, and there is virtually no 
cytological or experimental information available. 
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The treatment of three kinds of endemics was con- 
sidered : endemic vicariant species such as Ptilo- 
trichum reverchonii (S.E. Spain) and P. pyrenaicum 
(Pyrenees), where the temptation to unite them 
should be resisted despite their close morphological 
similarity ; Wettsteinian subspecies showing good 
geographical pattern with areas of overlap; and 
micro-endemic vicariants. The latter kind has proved 
difficult to deal with satisfactorily and is typical of 
the Mediterranean mountain flora, where each range 
or peak may have its own endemic representative of 
a species. Populations have been fragmented into 
discrete units, but each one is only slightly different 
from the next, however constant the differences may 
be. Currently these units are regarded as varieties, 
subspecies or species, and some uniformity should be 
introduced to deal with this frequent phenomenon. 
The species versus subspecies question was also 
considered by Dr. K. H. Rechinger in his paper on 
distributional problems in South-east Europe, where 
he considered dealing with 8,000 species ‘in the Balkan 
Peninsula. Although there were many similarities 
between South-east and South-west Europe, there 
were a number of differences in climate, physiography, 
coastlines, ete., which altered the kind of problems 
found. In the east, one concerned the problems of 
the island floras with their endemic races, and many 
years experience had convinced him of the need for 
a fairly narrow species concept in polymorphic com- 
plexes until a detailed revision was possible. Prof. 
H. Merxmiiller (Munich) spoke on the taxonomic 
treatment of Alpine vicariants, where again the 
species versus subspecies problem arose. Not all 
Alpine vicariants could be placed in either category 
but should be considered for such treatment when- 
ever they showed satisfactory morphological separa- 
tion coupled with geographical distribution. The 
important point was to be consistent in their treat- 
ment within a group. Too close an adherence, 
however, to the Wettstein geographical-subspecies 
method could lead to absurd results whereby species 
were divided into a series of boxes of little meaning. 
The taxonomic treatment of polyploidy was the 
subject of another set of papers. Prof. W. Rothmaler 
in his discourse on ‘Taxonomy and Genetics’’ said 
that the working methods and principles of taxonomy 
must not be mixed with those of genetics. Each 
taxon corresponds to a concept the extent and 
importance of which is determined by taxonomic 
methods. In a species concept, all information, 
morphological, geographical, ecological and physio- 
logical, must be combined with genetical, anatomical 
and other evidence, but no one line of evidence 
should be given a greater level of importance than 
any other. Thus, as regards polyploidy, the chromo- 
some status should be regarded as a valuable aid for 
the definition of a taxon but should not be given 
greater importance than any character of internal or 
external morphology. Similar considerations applied 
to apomicts. Chromosome numbers may vary as 
much within a species or subspecies, as they remain 
constant within a large genus or even part of a family. 
Dr. V. H. Heywood then gave a paper on “The 
Taxonomy of Polyploids in Flora Europaea’’, which 
was an attempt to suggest practical solutions for 
dealing with this kind of problem in the Flora. He 
agreed with Rothmaler’s view that no one characte 
or line of evidence is per se sufficient to indicate 
specific status. The bearing of polyploidy in an 
experimental or genetic special classification is quite 
different, he suggested, from its value in a taxcr omic 
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framework. He dealt with autoploid, alloploid and 
polyploid complexes, although agreeing that it was 
not always meaningful or even possible to distinguish 
between these situations. He proposed that ‘cryptic’ 
polyploids should receive no taxonomic recognition, 
although their existence, and if possible their dis- 
tribution, should be noted in observations. ‘Semi- 
cryptic’ polyploids may be amenable to treatment as 
varieties, subspecies or in exceptional cases species. 
Distinet autoploids are undoubtedly rare and should 
receive specific rank only when they are constantly 
recognizable ; otherwise, if intermediates are known 
and especially if their geographical areas overlap, 

ey should be given subspecific or varietal ranl-. 
laxa which have arisen by polyphyletic (polytopic) 
polyploidization should be considered grades sensu 
Huxley and treated as varieties or even forms. Dr. 
Hylander agreed almost entirely with these views, 
hereas Dr. A. Léve disagreed almost entirely and 
proceeded to elaborate his arguments in a paper, 
l'axonomy and Chromosomes—a Reiteration”’. He 
onsidered that Flora Europaea should be the begin- 
ning of a new era in European taxonomy, not the 
end of an old outdated epoch. The chromosomes are 
not just another character comparable to the super- 
ficial morphological characters which taxonomists are 
forced to use in the identification of herbarium 
material. They determine the characters, whereas 
the characters do not determine the chromosomes. 
Changes in the chromosomes determine the divergent 
evolution of ecotypes and races and then the effective 
isolation of species, genera and families. The only 
logical rule for the classification of taxa differing in 
chromosome number is to name them as distinct 
species. The ensuing discussion was lively. It was 
agreed that as much cytotaxonomic information as 
possible should be given in the Flora, although people 
were not entirely agreed on its taxonomic importance. 
A liberal use of species aggregates was a possible 
solution for morphologically similar (though not 
identical) cytotypes. 

4 botanical excursion was arranged by Dr. F. 
Ehrendorfer on the Monday to Burgenland and 
Neusiedlersee. The view of the Danube, the large 
lake and the fascinating salt steppes, combined with 
the rich spring flora to make it a memorable day. 
In the evening the participants were given a banquet 
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by the local Government Council at Rust, at which 
Government Councillor Kunnert mentioned the cul- 
tural and scientific traditions of Burgenland—for 
example, here lived Haydn and the celebrated 
botanists Clusius and Kitaibel. 

The final sessions dealt with the problems of cul- 
tivated, escaped and adventive plants. Dr. N. 
Hylander spoke on his experience with similar prob- 
lems in the Scandinavian fiora. Not only plants of 
natural habitats but also those growing in localities 
created or strongly influenced by man had to be 
considered. Similarly, some of the species growing 
wild were intentionally or unintentionally introduced 
by man. It was often impossible to distinguish 
clearly between these different types. Prof. J. 
Jalas (Helsinki) gave a paper on ‘““Treatment of the 
Aliens in Flora Europaea”’. The alien element could 
be considered as belonging to the following groups : 
(1) naturalized or established aliens of extra-European 
origin ; (2) European species occurring in some parts 
of the area merely as (a) naturalized or established 
aliens, or (b) casual adventives. If thoroughly 
naturalized in one or more European countries the 
aliens should be described and keyed normally, 
irrespective of their degree of commonness. Taxa 
native only outside Europe should be marked with 
a special sign. The same sign should be used to 
indicate territories in which native European species 
are only naturalized. The territories within which a 
species, whether European or not, occurs as a casual 
should be enclosed in square brackets. In a second 
paper he illustrated the valuable data that can be 
obtained about variable species such as Medicago 
lupulina from countries near the outer limits of their 
permanent occurrence. 

Mention must be made in conclusion of the generous 
hospitality of the Minister of Education and the 
Biirgermeister of Vienna, both of whom gave re- 
ceptions for the participants. A meeting in Vienna 
would be scarcely complete without a visit to the 
Wienerwald, and this was also arranged by the city 
authorities, ending with a Heuriger at Heiligenstadt 
where, in true botanical tradition, the ‘new’ wine 
was liberally sampled. Altogether, the symposium 
was one of the most successful and certainly the 
most enjoyable which even Prof. Liidi could remem- 
ber. V. H. Heywoop 


EFFECT OF SOAP ON THE DIFFUSION OF WATER THROUGH 
ISOLATED HUMAN EPIDERMIS 


By F. RAY BETTLEY and ELAINE DONOGHUE 


Institute of Clinical Research, Middlesex Hospital, London 


_ is reason for supposing that soap and 
other detergents increase the permeability of the 

Thus, Kvorning and Svendsen! found that if 
| per cent “Teepol’ is incorporated with the test 
solution, patients sensitive to chromium and nickel 
react to a lower concentration than if chromium or 
nickel salts are used alone. Skog? found that pre- 
treatment of the skin with soap or non-soap detergent 
led to @ higher proportior of irritant reactions from 
dinitrochlorbenzol. Burckhardt* pretreated the skin 
with soap and found that the damage so inflicted 
predisposed to the experimental development of 


skin. 


nickel sensitivity ; but in his experiments gross 
damage was inflicted on the skin by the alkaline 
soap. This was perhaps more comparable with the 
increased sensitization to dinitrochlorbenzol obtained 
by Rockwell‘ in skin which was prepared by sand- 
papering. 

The barrier which prevents passage between the 
tissues and the outside has been much investigated 
and is reviewed by Rothman. It lies between the 
corneous layer and the Malpighian layer and is not 
identifiable with histological precision. According to 
Rothman, it is an electric double layer with hydrogen 
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ions on one side and hydroxyl on the other. I% is 
impermeable or nearly so to water and to electro- 
lytes; but allows the passage of lipoid-soluble sub- 
stances. In the present studies isolated epidermis 
has been used for measuring the diffusion of water 
across this barrier layer. 

The diffusion of water through isolated skin has 
been studied by various techniques 
Burch and Winsor* and Berenson 





and Burch’ used full-thickness skin 90 + 
which they placed over the end L 

of a brass cylinder containing wet 80 |} 
cotton wool. They found that the 

rate of water diffusion depended 70 | 

upon temperature and humidity, r 

but was fairly constant over a 60 [ 
temperature-range of 15-25° C. and 3 r 

of humidity between 20 and 60 = 50 | 

per cent. Winsor and Burch* #® 

also measured water diffusion lees I 
through the skin in vivo; they t 
sealed a brass chamber to the a l 

skin of the abdomen and measured 20 } ¢ 

the amount of water vapour given ae 

off to dry nitrogen which was 10 ft ." 
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intact living skin to be the same 
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by their brass cylinder method. This presumably 
indicates that there is no vital process involved. 
Mali® reached a similar conclusion; he used epi- 
dermis which had been separated by the heat 
method of Baumberger et al.1°. Sheets of epidermis 
were sealed over cups of water and the loss of weight 
estimated at vacying temperatures and humidities. 
Mali found that fresh living skin removed at operation 
gave the same results as post-mortem skin which had 
been dead for as long as two or three months. 

In all these experiments it has proved possible to 
obtain constant measurements of loss of weight which 
presumably represent a steady diffusion of water 
vapour across the epidermal barrier which is inde- 
pendent of sweating or any other vital process. The 
present experiments were designed to study the effect 
of soap and other cleansers on this barrier layer. 

The skin used was taken from the anterior ab- 
dominal wall one or two days after death. Sub- 
cutaneous fat was scraped off and the skin placed on 
the bench with the epidermis downwards. A beaker 
containing water at 80° C. was placed on the skin for 
60 sec. Tho water was then emptied and the beaker 
inverted with the skin still adhering to it. The 
epidermis could then be stripped easily. 

Cells were made of ‘Perspex’ about 4 cm. cube 
(Fig. 1). In one side of this cell was a circular window 
7 mm. in diameter with bevelled edges over which 
the epidermis was placed. This was secured by a 
‘Perspex’ plate clamped into position and lightly 
smeared with ‘Vaseline’ so as to make a water-tight 
joint. The cell was then filled with water to a level 
that just covered the epidermal window. In order to 
prevent evaporation from the open surface of the 
water, a layer of liquid paraffin was floated on (liquid 
paraffin shows no appreciable loss from evaporation 
in the conditions of the experiment). The cell was 
covered with a lid with a small perforation so that 
the pressure inside the cell was the same as that 
outside the window. 

The room temperature was constantly between 24 
and 25° C.; humidity varied between 50 and 65 per 
cent. 

The cell was weighed as nearly as possible every 
day. When a piece of sheet rubber was clamped over 
the window the weight remained constant. Loss of 
weight was assumed to be due to the passage of 
water or water vapour across the epidermal window. 
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In various experiments the water was replaced by 
aqueous solutions of soap, alkaline buffer and a 
non-soap detergent. Soap solution was made from 
the ordinary toilet soap previded for use in National 
Health Service hospitals in 1958. It is a toilet soap 
of good quality without free alkali or builders. 1 per 
cent and 5 per cent solutions were made with dis- 
tilled water. Potassium palmitate was prepared from 
pure potassium hydroxide and palmitic acid in equi- 
molecular proportions. 5 per cent solution was made 
with distilled water. “Teepol’ (Shell Chemical Co., 
Lid.) is a soapless detergent consisting of secondary 
1 per cent and 5 per cent solutions 


alkyl sulphate. 
Bile salt solution 


were made with distilled water. 
was made from purified ox bile salt, 1 per cent in 
distilled water. The buffer was the standard car- 
bonate—bicarbonate buffer at pH 10. 

In Figs. 2-4 are shown curves of individual experi- 
ments which are typical of the results in various 
groups. 

When the cell contained tap water there was a 
steady loss in weight of about 5-10 mgm. daily. ~In 
prolonged experiments regular loss was continued 
over eighteen days during which the permeability 
of the epidermal membrane remained fairly constant 
(Fig. 2). After this, some preparations appeared to 
deteriorate in that loss of weight started to rise. It 
was thought that this might indicate disintegration 
of the epidermal barrier layer, and subsequent 
experiments were therefore usually limited to about 
that period. In the first day or two after the start 
f each experiment the initial loss was somewhat 
greater, perhaps because of a small amount of water 
remaining on the outside of the cell after the pre- 
paration had been set up. Small daily variations 
occurred and we cannot account for these. They 
were probably not attributable to changes in ambient 
temperature and humidity since when two cells were 
placed side by side in identical conditions they might 
show different variations, one losing more, one less 
than the daily average. Occasionally, also, an experi- 
ment gave unexpected results which could not be 
repeated and which were quite unlike other similar 
experiments. Some at least of these were probably 
due to errors which are ndt easy to recognize in any 
individual preparation. Such sources of error are 
minute damage to the epithelium which may occur 
particularly in relation to hair follicles during 


NATURE 19 


separation ; imperfect sealing of the edges of the 
epithelial window ; damage to the epithelium by the 
clamp which holds it in place ; and contamination ‘of 
the epithelium with paraffin. In all the subsequent 
experiments the behaviour of the epidermis witb plain 
water was first observed for at least five days in order 
to make sure that it was normal. 

The effect of putting soap solution into the cell 
was striking (Fig. 2). There was a rapid and pro- 
gressive increase in loss of weight, which became 
more and more each day. With 5 per cent soap the 
daily loss of weight became constant after 8-10 days 
at a level of 70 mgm. or more, that is, ten times the 
rate of water; 1 per cent soap gave similar but less- 
marked effect, a maximum of 25-30 mgm. being 
reached in 5-7 days. The loss of weight remained at 
this high figure for at least several days, but when 
the soap solution was removed and replaced by water 
the rate of loss of weight returned rapidly to normal 
(Fig. 3). This presumably indicates that even after 
several days exposure to 5 per cent soap the epidermal] 
barrier, though temporarily more permeable, is not 
essentially or permanently damaged. Similar results 
were obtained with 5 per cent potassium palmitate 
solution (Fig. 4). 

It might be thought that the penetration of soap 
solution was due to its low surface tension allowing 
it to flow more readily through minute channels in 
the epidermis. We found, however, that if unglazed 
porcelain were placed over the window instead of 
epidermis the passage of soap solution was less rapid 
than that of water. Furthermore, when 1 per cent 
bile salt, which has a low surface tension, was put in 
the chamber the rate of diffusion through the epi- 
dermis remained about normal. 

The presence of alkaline buffer at pH 10 in the 
chamber did not affect the rate of loss of weight 
(Fig. 4). “Teepol’ 1 and 5 per cent gave a loss of 
weight somewhat above that of water, up to about 
double, but not comparable in degree with the effect 
of soap (Fig. 3). These ‘Teepol’ solutions are slightly 
acid, but when buffered to about the same alkalinity 
as soap (pH 10) made no difference. 

All these results were consistently repeatable in 
numerous experiments. 

These experiments were carried out because we 
thought they might throw some light on the irritancy 
of soap solutions for the normal skin. Patch tests 
with soap and with a variety of other substances 
suggested that irritancy might be related in part to 
the power of soap to penetrate the epidermal barrier 
more efficiently than alkalis and other cleansers. 
The experiments recorded indicate that soap solutions 
have indeed the property of making the epidermis 
very much more permeable to water than is normal. 

Winsor and Burch’ found that the permeability of 
whole skin was so increased by scraping off the 
epidermis that the rate of loss of water was ten times 
that of intact skin, and was then the same as the 
‘ate of loss through pleura, heart muscle and other 
tissues. Comparing our results with these, it seems 
that the greatly increased permeability in contact 
with soap solutions represents virtually the complete 
loss of the epidermal barrier. This is far greater than 
the effect of “‘Teepol’ in a comparable detergent 
strength, suggesting that the cleansing or detergent 
property of soap and ‘Teepol’ is not the same as its 
penetrative effect. This is of interest for two reasons : 
First, because it lends some support to the suggestion 
that penetration of the epidermis rather than deter- 
gency may be important in the production of skin 
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irritation since patch tests with “Teepol’ show far 
less irritation than soap; secondly, because this may 
throw some light on the nature of the epidermal 
barrier. Berenson and Burch’ showed that treatment 
with lipoid solvents increased the permeability of the 
skin, from which it seemed that fat-soluble sub- 
stances formed the essential part of the barrier. The 
action of a detergent, dissolving or emulsifying these 
fatty substances, might be supposed to be of a similar 
nature. Mali’, in reviewing his own work and that 
of previous investigators, concluded that the barrier 
zone is a network of keratin fibres holding fatty sub- 
stances in its meshes. This would explain the action 
of fat solvents and of detergents in destroying the 
barrier. Our experiments, however, indicate that 
‘Teepol’ possesses this property much less than soap 
although it is a good detergent. More important 
still, we have observed that the effect of soap is 
reversible, and that the greatly increased permeability 
of the skin in contact with soap solutions returns to 
normal in a few days when soap is removed. This 
presumably indicates that the action of soap in 
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increasing permeability cannot be due to its removing 
fatty or other substances from the barrier zone. 
Although we can draw no positive conclusions from 
our results, they seem to be more in conformity with 
Rothman’s conception of a physico-chemical barrier. 
The barrier is made more permeable by soap without 
being permanently destroyed as it would be if fat 
solvency or detergency were responsible. 

We are indebted to the Clinical Research Com- 
mittee of the Middlesex Hospital for laboratory 
facilities and for a personal grant to one of us. 
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DEMYELINATION IN LAMBS BORN OF EWES MAINTAINED ON 
HIGH INTAKES OF SULPHATE AND MOLYBDATE 


By C. F. MILLS and B. F. FELL 


Rowett Research Institute, Bucksburn, Aberdeen 


N the course of studies to investigate the mech- 

anisms underlying the interference with copper 
metabolism caused by high dietary intakes of 
molybdate and sulphate, the opportunity has been 
taken to examine the possible effects of such diets 
fed to pregnant ewes on the development of lambs 
after birth. 

Eight two-year-old Cheviot ewes were divided into 


following diets daily: Group 1, 1 kgm. commercial 
grass cubes (copper content 5-0 ugm./gm.) supple- 
mented with sodium sulphate to provide an intake 
of 10 gm. sulphate; group 2, | kgm. grass cubes 
supplemented as above and also with ammonium 
molybdate to give an intake of 50 mgm. molybdenum 
day. This level of feeding was maintained to within 


one month of lambing, when the food offered was 
increased to 1-2 kgm./day. 


Tap water purified by 





in the red nucleus of a lamb in group 2 (high-sulphate and high-molybdate diet), showing chromatolysis and advanced 
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Fig. 2. Neurones of normal appearance in the red nucleus of a lamb from group 1. 


(High-sulphate diet.) Heratoxylin and eosin. 
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molybdate diet.) 


passage through an ‘Elgastat Major Deioniser’ (Elga 
Products, Ltd., London) was offered ad lib. in poly- 
thene buckets. One ewe of group | died after eighteen 
weeks on the experiment. All the remaining ewes 
lambed normally. Where twins were born, one animal 
vas killed for liver-copper analysis immediately after 
birth. Inco-ordination of the hind limbs, progressing 
to affect both hind and fore limbs, appeared in one 
lamb of group 2 within three days of birth. Of the 
three remaining lambs in this group, a marked ataxia 
leveloped in one at eighteen days and another at 
ixty days of age. 

Ataxic lambs were killed for autopsy and histo- 
gical examination by being bled-out under pento- 
barbitone sodium anesthesia. No macroscopic lesion 
was found during autopsy. Histological examination 
f the central nervous system was confined to the 
cerebral hemispheres posterior to the lateral cerebral 
issure, the mesencephalon in the plane of the red 
nucleus and the cervical region of the spinal cord. 
lissues were stained by Lillie’s variant of the Weil 
Weigert method for myelin, by the Marchi msthod 
for degenerating myelin and by hematoxylin and 
eosin. Lesions were recognized using all these pre- 
parations. There were degenerative changes con- 

sting of chromatolysis progressing to loss of nuclei 
ind all cytoplasmic detail in the large motor neurones 


] 


l LIVER-COPPER OF EWES AND LAMBS ON DIETS CONTAINING SUPPLEMENTARY SULPHATE WITH AND WITHOUT ADDED MOLYBDENUM 





Liver copper (“gm 


Spinal cord of a lamb from group 1, showing absence of damage. 
alum — hematoxylin. ( 


Loss of myelin in a dorso-lateral column of white matter in the spinal cord of a lamb from group 2. (High-sulphate and high- 
)) 


Iron alum — hematoxylin. (x 28 


This field corresponds with that shown in Fig. 3. Iron 


x 280) 


of the red nucleus (Fig. 1). In one case such de- 
generation was present in the neurones of the ventral 
horns of grey matter in the spinal cord. Degenerative 
changes in the nuclei with shrinkage and loss of 
cytoplasm were present in the pyramidal cells of the 
cerebral cortex. The myelin of the cerebral sub-cortex 
was beaded or lost in diffuse, patchy areas, and in 
these areas the brain tissue was spongy with marked 
pericellular and _ perivascular The spinal 
cord in the neck showed a symmetrical diffuse de 
myelination in the dorso-lateral columns of white 
matter (Fig. 3} and in the ventro-lateral and ventral 
columns up te the median There was no 
‘cuffing’ or cellular reaction suggestive of infection. 

These lesions are closely similar to those described 
in field-cases of ‘swayback’ in lambs!. None of these 
degenerative changes was present in tissues prepared 
from lambs of group 1 (Figs. 2 and 4). 

The results of copper determinations on livers from 
ewes and lambs are given in Table 1. The feeding of 
10 gm. sulphate/day to ewes in group 1 resulted in 
the depletion of liver-copper stores to exceedingly 
8-8ugm./gm. dry matter compared 
186-1,374 ugm./gm. for ‘normal’ 
mature ewes and 7-106 ugm./gm. for copper-deficient 
ewes quoted by Cunningham?). Liver-copper levels 
of lambs in this group were low at birth and remained 


spaces. 


fissure. 


low levels (mean : 
with a range of 





gm. dry matter) | 


Ewe No Treatment Lamb killed when Age at first signs | Age at slaughter 
supplement Kwe Lamb killed at severely ataxic or at | of ataxia 
1 day of age termination of exp 
(sroup | 
9 | 30 9-8 \* 100 days 
56 Sulphate 11-6 10°8 8-1 \ 103 days 
38 (Group 1) 8-3 8-9 9-5 | \ 87 days 
28 7°3 (died before lambing, pregnancy toxemia, twin lambs in uterus) 
Group 2 | 
181 23-4 | 2°83 3} days 11 days 
332 Molybdenum sulphate 24-5 34 | 2-9 18 days 23 days 
46 (Group 2) 32:1 8-6 4°3 60 days } 77 day 
25 28°38 13°5 N 108 day 


* N indicates no signs of ataxia up to termination of experiment. 
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low afterwards (overall mean: 9-1 ugm./gm. com- 
pared with the ‘normal’ range of 74-430 ugm./gm.., 
ref. 2), falling within the range reported for field- 
cases of copper-deficiency (4-34 ugm./gm., ref. 2). 
No case of ataxia was noted in lambs of this group, 
and growth and general condition in the period before 
slaughter remained excellent. This finding is not in 
line with the experiences of Marston*, who concluded 
from field-experiments that ataxia is likely to develop 
in the lamb if the copper in the liver of the ewe falls 
to less than 20 ugm./gm. and becomes an almost 
invariable cousequence if it is less than 10 ugm./gm. 

Ewes receiving high levels of both sulphate and 
molybdenum in the diet (group 2) retained rather 
more copper in their livers (mean: 27-2 ugm./gm.) 
than the ewes of group 1, but were markedly inferior 
in physical condition and showed the characteristic 
loss of ‘crimp’ in wool associated with physiological 
copper-deficiency*. Allcroft and Lewis® noted a 
similar effect on liver-copper storage in the pregnant 
ewe from feeding molybdenum at 50 mgm./day. 
Analyses of lamb livers at the end of our experiment 
suggest that transfer of copper to the lamb was 
restricted by feeding r.olybdenum. Insufficient 
information is available to determine whether this is 
a result of diminished transfer to the fcetus or the 
result of decreased transfer during the suckling 
period ; but it is noteworthy that others® have failed 
to find any influence of feeding large quantities of 
molybdenum to the ewe on levels of copper in the 
liver of the new-born lamb. 

The lambs in group 2 showing ataxia and degenera- 
tive changes in nervous tissue all had extremely low 


liver-copper values (mean: 3:3 ugm./gm.) and the 


VoL. 165 


January 2, 1960 


only lamb in this group not so affected had an 
unaccountably high content of copper in its liver. 
So far as we are aware, this experiment represents 
the first successful attempt to induce demyelination 
in the lamb by dietary treatment. Few details have 
as yet been published of previous attempts of other 
workers to induce this condition by feeding diets low 
in copper, but a survey of published results presenting 
liver-copper analyses from lambs suffering from 
‘swayback’ or ‘enzootic ataxia’ under field-con- 
ditions'.*,-* suggests that clinical symptoms and 
associated degenerative changes in the central ner- 
vous system may occur when the liver-copper of the 
lamb falls below about 20 ugm./gm. dry matter. It 
remains to be determined whether the absence of 
ataxia in the lambs of group 1, despite their very low 
levels of liver-copper, is due to the fact that no known 
metabolic antagonist of copper was present in the 
diet in quantity to impede the utilization of these 
small stores. Without postulating the existence of 
such a restrictive agent in some diets, it is difficult to 
understand why ataxia can occur under field-con- 
ditions at concentrations of liver-copper considerably 
higher than those found necessary in the present 
investigation. 
Path., 53, 1 (1940). 
381 (1946). 
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EFFECT OF STREPTOMYCIN ON ESCHERICHIA COLI 


By STAFF OF THE DEPARTMENT OF BACTERIOLOGY AND IMMUNOLOGY 
Harvard Medical School 


Damage by Streptomycin to the Cell 
Membrane of Escherichia coli 

T has been shown in this laboratory that strepto- 

mycin causes a sensitive strain (but not a strepto 
mycin-resistant strain) of Escherichia coli to excrete 
certain 5’-ribonucleotides at a relatively high rate’. 
It seemed possible that this effect might be due to 
interference with nucleic acid formation, resulting in 
an increase in the intracellular pool of free nucleo- 
tides. However, nucleotides (or their derivatives) 
exert a feedback effect on their own biosynthesis, 
as shown by the fact that an excess of the purine 
or the pyrimidine required by certain mutants inhibits 
accumulation of precursors*. If these feedback 
mechanisms effectively regulate nucleotide biosyn- 
thesis, a simple block in nucleic acid formation would 
not be expected to cause an increase in intracellular 
nucleotide levels. Alternatively, nucleotide excretion 
might be due to a breakdown of the permeability 
barrier that normally retains these compounds within 
the cell. This mechanism would not require elevation 
of the intracellular levels. 

In order to distinguish between these two mechar 
isms, the levels of nucleotides have been compared 
in the intracellular pool and in the external medium 
The comparison 


during exposure to streptomycin. 
has also been extended to amino-acids. 





For these studies streptomycin (60 ugm./ml.) was 
added to an aerobic culture of £. coli strain W growing 
exponentially in mineral-glucose medium’ at about 
4 x 10% cells/ml. Under these conditions the lethal 
action of streptomycin becomes rapid after a delay 
of 5-10 min. Cells were harvested after 20 min., 
when nucleotide excretion was just beginning, and 
after 45 min., which corresponds to roughly half- 
maximal excretion. The culture filtrate was harvested 


after 60 min., when excretion was approaching 
completion. 
Table 1 presents the values, averaged from 4 


experiments, for those nucleotides that are excreted 
heavily. It is seen that after 20 min. of streptomycin 
treatment the intracellular levels were essentially 
unchanged, except for an unexplained rise in uridine 
monophosphate. (There was also a rise in*a minor 
unidentified diphosphate.) At 45 min., when excre- 
tion was well under way, all the nucleotides showed a 
decrease, rather than a rise, in intracellular level, thus 
pointing to loss of integrity of a permeability barrier. 
The effect on nucleotide excretion was irreversible, 
persisting in cells transferred to streptomycin-free 
medium. 

The various mononucleotides showed rather similar 
extracellular concentrations after streptomycin treat- 
ment, despite appreciable differences in their intracel- 
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Table 1. EFFECT OF STREPTOMYCIN ON NUCLEOTIDE EXCRETION AND 
ON INTRACELLULAR LEVELS 
Nucleotide concentration 
(moles x 10~**/ml. of culture) 
( pound Intracellular* Extracellulart 
Untreated | SM 20 min. | SM 45min. SM 60 min. 
AMP | 3-1 3-1 2-1 39-2 
GMP 1-4 1-3 1-0 | 39°1 
UMP 2-0 | i-4 | 4-2 | 26°83 
CMP < 0-4 0-4 | <0-4 27-6 
ADP 2°1 2°3 | 2°3 14°2 
ATP | 2-6 2°4 2-0 | 8°6 
DPN | 4:1 3-9 2-4 5-0 
Nucleotides were isolated from the culture filtrate by adsorption on 


hareoal and elution by alcoholic ammonia, and from the cells by 
itment with 5 per cent trichloracetic acid, which was then removed 

y extraction with ether. The individual nucleotides were separated 

1 column of ‘Dowex 1-28’ formate by elution with a linear gradient 

5 N formic acid, followed by a gradient of 0°83 M ammonium 
formate in 5 N formic acid. Concentrations were estimated spectro- 
photometrically. 

* The concentrations per m1. of intracellular water are about 1,500 
times the intracellular values reported here per ml. of culture. The 
excretion thus represents leakage down a steep concentration gradient. 

t The extracellular nucleotide concentrations in untreated cultures 
were too low to be measured. 

SM, streptomycin. 


lular concentrations. Larger compounds (diphos- 
phopyridine nucleotide, adenosine diphosphate and 
adenosine triphosphate) were also excreted, but in 
smaller proportion to the intracellular concentration. 
It is seen that the adenosine monophosphate excreted 
in 60 min. amounted to about 12 times the initial 
intracellular content. This finding fits the isotopic 
evidence! that the bulk of the excreted nucleotide 
is synthesized de novo during streptomycin treatment. 

Since amino-acids also form a substantial intra 
cellular pool, any general loss of integrity of the cell 
membrane should increase their excretion as well. 
Indeed, though amino-acids, in contrast to nucleo- 
tides, were found to be excreted appreciably even by 
normal cells (cf. ref. 4), streptomycin treatment for 
50 min, caused a four-fold increase in their excretion. 
This treatment also caused an even greater drop in 
intracellular levels of amino-acids than had been 
observed for nucleotides. 

Further evidence on the nature of streptomycin 
action was provided by the observation that its 
addition to a growing culture progressively destroyed 
the capacity of the cells to concentrate valine labelled 
with carbon-14. This treatment the 
metabolism of added labelled citrate by the cells, 
which were initially relatively impermeable to this 
ompound. On the basis of all the above findings, it 

concluded that streptomycin damages the per- 

eability barrier to small mélecules. 

\ttention has also been given to the conditions 
required for streptomycin action. Chloramphenicol, 
which blocks protein synthesis®, has been found to 
lock the action of streptomycin. With streptomycin 
ilone, under the conditions described above, net 
formation of protein halted after about 15 min., with 
in increment of 10-15 per cent ; formation of ribo- 
and deoxyribo-nucleic acid persisted longer and 
reached increments of 40 and 55 per cent, respectively. 
With chloramphenicol (20 ygm./ml.) plus strepto- 
myem, as with chloramphenicol alone*®, no protein 
synthesis was detectable, while ribonucleic acid 
increased by 70 per cent. Furthermore, chloram- 
phenicol completely blocked both the bactericidal 
action of streptomycin-and its effect on nucleotide 
excretion. Similar protection against these last two 
actions had also been obtained by depriving certain 
auxotrophic mutants of the required amino-acid or 


also increased 
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pyrimidine (Davis, B. D., and Roth, H., unpublished 
observations). These results indicate that a certain 
amount of protein synthesis is required for strepto- 
mycin action. They also show that the effects of 
streptomycin on metabolite excretion and on viability 
are not due simply to cessation of growth, or to the 
unbalanced formation of nucleic acid without protein. 
It is clear that streptomycin, under appropriate 
conditions, alters a permeability barrier. Since this 
effect increases the outward permeability to nucleo- 
tides and to amino-acids, and the inward permeability 
to citrate and (following communication) to strepto- 
mycin itself, it reasonable to infer that the 
permeability Sarrier involved is the cell membrane. 
This action of streptomycin is reminiscent of that of 
detergents® and polymyxin’, the attack of which on 
the membrane also results in metabolite excretion and 
cell death. However, the facts reported above imply 
that streptomycin does not directly damage the 
existing membrane, but rather defects in 
membrane formed in its presence by streptomycin- 
sensitive cells. The action of streptomycin on 
membrane formation is thus analogous to that of 
penicillin on bacterial wall formation’. The following 
communication the significance of this 
action for the bactericidal effect of streptomycin. 
Nirya ANAND* 
BERNARD D. Davts 
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Uptake of Streptomycin by Escherichia coli 


THE present communication will attempt to relate 
the findings of the previous communication to the 
kinetics and the sites of streptomycin uptake by the 
cells. 

For this purpose streptomycin labelled with carbon- 
14 was added to a growing culture. 1-ml. samples 
were taken at intervals and the cells were recovered 
on a ‘Millipore’ filter and washed with 3 5 ml. of 
water to remove the extracellular fluid. Further 
washing removed no radioactivity. In contrast, 
washing with buffer removed 99 per cent of the radio- 
activity from early samples and 94 per cent from late 
samples, indicating that most of the streptomycin, 
even after it had killed the cells, was held by ionic 
linkage. 

Results of a typical experiment are presented in 
curve SM of Fig. 1. The initial uptake of strepto- 
mycin was extremely rapid, being essentially complete 
by the time the first sample could be taken and 
filtere about 1 min.). During the next 15 min. the 
celi confems remained constant. There was then a 
rise, levelling off after an hour at a three- 
This rise began at about the 
when excretion of 
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Fig. 1. Uptake of streptomycin labelled with carbon-14. 
40 »wam./ml. of labelled streptomycin (formed from uniformly 
labelled glucose) was added to an exponentially growing shaking 
culture in minimal medium, and to two similar cultures 
labelled CE) to which chloramphenicol (20 “gm./ml.) had been 
xdded 2 min. earlier. At the time indicated by the arrow, one 
CE culture received 0-02 ml. of toluene per ml. of culture 


intracellular metabolites began and protein synthesis 
ceased. 

We initially attempted to explain these observa- 
tions on the basis of the assumption that the cell is 
freely permeable to streptomycin. Part of the initial 
uptake would then occur at intracellular sites where 
streptomycin would interfere with normal protein 
(cf. ref. 1) and nucleic acid synthesis. Resulting 
defective formation of protein and perhaps other 
membrane constituents could explain the observed 
damage to the permeability barrier of the cell. 

The kinetics of uptake of streptomycin, however, 
is difficult to interpret on this basis. Not only is a 
plateau reached with streptomycin much more 
rapidly than has been observed with many added 
substances which are known to penetrate (for 
example, amino-acids), but at 0° the initial uptake 
was found to be as high as at 37°, and was still too 
rapid to follow. Furthermore, the observation of a 
secondary uptake would require the postulate, in a 
freely permeable cell, of the formation of added 
receptors for streptomycin. Since streptomycin 
complexes readily with free nucleic acids in vitro’, it 
seemed possible that these receptors might be the 
excess ribo- and deoxyribo-nucleic acids which are 
formed in the presence of streptomycin after protein 
formation ceases (see previous communication). 
However, though the addition of chloramphenicol, in 
the presence of streptomycin, causes an even more 
pronounced synthesis of excess nucleic acids (previous 
communication), this addition completely prevented 
the secondary uptake of streptomycin (curve SM 
CE of Fig. 1). It would therefore be necessary to 
postulate the formation of other, unknown receptors, 
in a quantity several times that initially available, 
and this explanation of the secondary uptake seems 
rather improbable. 

Alternatively, it seemed possible that the cell might 
he impermeable to streptomycin, the rapid initial 
attachment of which would then be restricted to the 
cell wall and the external surface of the cell mem- 


brane. Some of its attachments on the latter locus 


would be responsible for the observed formation of 
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defective membrane. This membrane damage would 
then permit entry of streptomycin into the cell, 
where it would be bound by nucleic acids* and possibly 
other anionic constituents. The block in protein 
synthesis, and later in nucleic acid synthesis, would 
tollow the entry of sireptomycin into the cell. 

To distinguish between these two mechanisms, 
observations were made on the response of strepto- 
mycin uptake to known damage to the membrane. 
In an experiment with cells the uptake of which was 
being held at the initial level by the presence of 
chloramphenicol, the addition of toluene resulted in 
a large and rapid further uptake (Fig. 1). In other 
experiments cells were treated with toluene before 
exposure to streptomycin. This procedure resulted 
in a several-fold increase in the initial uptake ; and 
similar treatment with polymyxin B (cf. ref. 3) had 
an even greater effect. 


These observations indicate that during action of 


streptomycin its initial uptake, at least within 
measurable limits, occurs only outside the cell 
membrane, and the secondary uptake depends on 
subsequent damage to the membrane. It therefore 
appears likely that the growing membrane, known 
to be damaged by streptomycin, is the primary site 
of action of the drug. It has not yet been possible 
to determine whether the damage to the membrane 
is a sufficient as well as a necessary cause of the 
bactericidal effect of streptomycin, or whether this 
effect depends on penetration of the drug. 

A resistant mutant exhibited the same _ initial 
uptake of streptomycin as its sensitive parent, but no 
secondary uptake. It therefore appears that in this 
case resistance depends on an alteration in the 
membrane-forming apparatus such as to prevent 
streptomycin from damaging the membrane. This 
mechanism of resistance would explain the observa- 
tion that in a diploid strain of /. coli streptomycin 
sensitivity is dominant to resistance*. The membrane 
in such a cell would presumably contain both sensitive 
and resistant sites, and streptomycin action on the 
sensitive sites would have the same consequences as 
in a fully sensitive cell. 

The mechanism of streptomycin action proposed 
here provides an explanation for the well-known and 
puzzling synergism observed between streptomycin 
and other bactericidal agents. A drug that damages 
the permeability barrier of a cell would promote the 
entry of other drugs. 

This work will be published in detail. It has been 
supported by Grants £-2012 of the U.S. Public Health 
Service and @-9078 of the National Science Founda- 
tion. We are grateful to Merck Sharp and Dohme 
for a generous gift of radioactive streptomycin, and 
to Miss Elizabeth Vollmayer for excellent technical 
assistance. 
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ACID TO HOPS 


By A. S. NASH and P. D. MULLANEY 


Carlton and United Breweries, Melbourne 


’ THE effect of gibberellic acid as a growth-promot- 

j ing substance caused attention to be focused 
upon it, when a great disadvantage of newly bred 
triploid hop plants became apparent. The triploid 
material, being partly sterile, tended to hang in the 
burr stage for a long period, and it was considered 
that gibberellic acid could perhaps force the triploids 
from the burr stage, besides giving an economic 
increase in yield. 

To implement such a _ hypothesis, preliminary 
applications of gibberellic acid were carried out to 
determine the optimal time of application. For these 
determinations, the potassium salt of gibberellic acid 
under the trade name ‘Gibrel’ was used.  Laterals 
at different stages of burr development on different 
plants of the triploid material, known as 12/5/28, 
were completely covered in a plastic bag and sprayed 
by a Rega continuous-spray unit with the ‘Gibrel’ 
solution of concentration 50 parts per million. These 
preliminary sprays showed that the time of applica- 
tion could reasonably be narrowed down to when the 
stigmas of the female flowers were } in. or greater in 
length. Earlier application of the spray resulted in 
excessive elongation of the sub-laterals (this was 
of the order of 100 per cent in comparison with the 
control laterals) and later application showed a 
decrease in overall effect. 

Once the time of application had been suitably 
determined, a further trial with different strengths 
of epplication was attempted. Concentrations of 
50, 25, 12-5, 6-25 and 0-625 parts per million (p.p.m.) 
respectively were used, with applications carried out 
exactly as above on laterals of different plants with 
individual cone weights for each treatment being 
recorded. These were compared to the cone weights 
from similar laterals from unsprayed vines used as 
The gibberellic acid-sprayed material showed 
typical reactions'. The leaves became paler within 
4 days ; this, however, was only temporary and after 
a further 6 days the leaves had regained their 
normal colour. The sprayed material showed normal 
development of the cones, with no abnormal growth 
of the sub-laterals, and was approximately 10 days 
in advance in maturity on the unsprayed control 
material. Not only was the maturity of the cones 
pushed forward, but also the cones along the sprayed 
laterals were more even in development, so that the 
harvest time became more critical, with practically 
ill cones at the same stage of maturity at the same 
time. However, those cones developed from gibber- 
ellie acid-sprayed burr were more subject to wind 
burn than the controls and the degree of burn was 
approximately the same for all concentrations. The 
most significant part of the growth of the gibberellic 
acid material was the great initial surge of develop- 
ment, which although slowing down with time, was 
still sufficient to ripen the cones 10 days before the 
control cones. The actual cone weights are set out 
in Table 1. . 

It was decided that the concentration of gibberellic 
acid at 12-5 p.p.m. would give the desired effect of 
yield and decrease in maturity time, 


controls. 


increase in 


Table 1 





Concentration of spray No. of cones Weight/cone 





(p.p.m.) | in treatment (gm.) 
164 0-82 

| 212 0-85 
225 1-10 

148 | 1-40 

| 151 | 1-44 
Control 594 | 0°77 


without being too expensive for an equitable 
return. 

Since most commercial growers of hops are equipped 
with overhead sprays, a full plant trial was adopted 
whereby the gibberellic acid applied at 12-5 p.p.m. 
would be sprayed from above the plant by means of a 
fine nozzle shower-head. The variety used was a 
locally bred, high analysis hop called Pride of Ring- 
wood. The shower-head was connected to a carbon 
dioxide cylinder with an apparent head pressure of 
30 Ib./sq. in., but due to the friction along 
the long, small diameter hose necessary to reach the 
tall crop, the actual spray was delivered at somewhat 
less than 30 Ib./sq. in.; however, excellent coverage 
of the plants was effected due to the fine spray 
achieved. The time of application was allowed to 
progress a little past the optimal time to make sure 
that most of the burr was at a receptive stage. The 
average yield per sprayed hill was 7-25 Ib. while the 
average yield for the control hills was 5-20 lb. This 
gave an average increase of 2-05 lb./hill—a large 
increase when considered in terms of 850 hills/acre. 
On yield results alone, the application of gibberellic 
acid seemed justifiable, since the yields were increased 
and the decreased time of maturity would allow for a 
less restrictive harvest period. The main interest 
in bought hops is the percentage of « resin in the 
purchased product The two lots of material, 
treated with gibberellic acid and controls, were 
analysed for «-resin content by the Verzele rapid 
polarimetric method’, and further tests for total soft 


loss 


resin content were carried out by the Walker— 
Hastings method. 
Table 2 
a-Resin Total soft resin 
(per cent) (pe r cent) 
Treated hops 1-8 
Untreated hops 10-16 21 8 


Table 2 shows that the most important substance 
in the hops from the brewer’s point of view has been 
greatly decreased by application of gibberellic acid. 
Further work on estimation of oils by gas chromato- 
graphy was carried out and appears to indicate that 
here again there is a difference in percentages of the 
various oil components between gibberellic acid- 
treated and normal hops; however, this work is 
inconclusive and requires verification. 

' Brian, P. W., and Grove, J. I 
* Wallenstein Lab. Comm. No. 68, 
* J. Inst. Brew., 39, 509 (1933). 


, Endeavour (July 1957). 


20, 7 (1957). 
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LETTERS TO THE EDITORS 


PHYSICS 


Growth of the Tritium Content of 
Atmospheric Molecular Hydrogen 


\ sERTES of measurements of the abundance of 
tritium in atmospheric molecular hydrogen, covering 
the period 1956 carried out by Gonsior 
in Germany’. These measurements were interpreted 
by him as showing that over that period the abund- 
was increasing linearly by 5 10* T.U. a year 
commencing with the ‘Castle’ series of thermonuclear 
weapon tests in the spring of 1954. (1 T.U. is equiva- 
lent to | tritium atom in 10" hydrogen atoms.) 

We, too, believe that the growth must be due to 
itomic energy operations ; but 
has taken insufficient account of abundances reported 
directly or otherwise at least four times prior to the end 
ot 1958 ° 

a) Faltings and Harteck*-* measured the tritium 
abundance in hydrogen from Hamburg air collected 
in 1948-49. They quoted the abundance as being 
0-125 10* T.U. 

») Grosse, Kirshenbaum, Kulp and _ Broecker‘ 
reported 1-66 + 0-097 10‘ T.U., having examined 
air collected at Buffalo, N.Y., in the spring of 1952. 
Begemann’ stated that about 1 per cent of the 
world inventory of natural tritium was present in 
gaseous hydrogen during the spring of 1954. As he 
believed at the that natural tritium totalled 
1-8 kgm., we may suppose that the abundance in 
then about 3-4 10* T.U. in the 


58, were 


ance 


in our view Gonsior 


0-38 


time 


hydrogen was 
United States. 
l) Craig’ reported that a dozen samples of air 


examined by Begemann had abundances ranging 
from 5 to 10 10* T.U., averaging about 8 L0* 
T.U. These determinations were described as ‘recent’ 
in November 1956°. The origin of the samples was 


not stated. 

These results, together with those of Gonsior, are 
presented in Fig. 1, the ordinate scale of which is 
logarithmic As can be the data, with the 
exception of Gonsior’s first Nuremberg 
result, are consistent with an abundance of tritium 
in northern hemisphere tropospheric hydrogen which 
was increasing not only before 1954 but also before 
the first reported detonation of any ‘hydrogen device’, 
November 1952. It furthermore appeared 
to us that the abundance could be empirically repre- 
sented as increasing exponentially with a doubling 
ime of 18 months, as is shown by the line drawn 
through the experimental points in Fig. 1. 


seen, 


possible 


in October 


In order to establish whether the tritium abundance 
was continuing to increase in the manner suggested, 
asured the tritium activity in mixtures of 
atmospheric hydrogen and neon collected at the end 
»f 1958 and in the summer of 1959, the gas mixtures 
from the helium—hydrogen-neon 
fraction that arises in commercial liquid air distillation 
v fractional desorption from charcoal. We have no 
that fractionation of 


we ne 


extracted 


Hey 


eason to suppose isotopic 





tritium from hydrogen occurs either in the distillation 
or in the desorption process. The hydrogen—neon 
mixtures each came from several distillation plants 
situated in the United Kingdom, and each sample 
represented an averaging period of two or three weeks. 
The mixtures were counted in a Geiger—Miiller counter 
using di-ethyl ether as a quenching agent, the per- 
centage of hydrogen in the mixture being first 
determined by mass-spectrometric means. For air 
over the United Kingdom we deduced tritium/ 
hydrogen = 38-1 + 1 10* T.U. (November—Decem- 
ber 1958) and 36-5 l 10 T.U. (December 1958). 
The following summer, measurement showed tritium/ 
hydrogen = 48:6 1-5 10* T.U. (July—August 
1959). The errors quoted are in each case those arising 
from uncertainty in the volume of gas counted together 
with the statistical counting error. These results are 
shown in Fig. 1, the growth-rate for the first half of 
1959 being 18 10‘ T.U. per year (mean), three and 
a half times the mean rate measured earlier by 
Gonsior. 

We have shown, therefore, that the abundance of 
tritium in atmospheric hydrogen is still increasing 
in @ manner not with an 18-month 
doubling time, but are unable to advance any satis- 


inconsistent 
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actory explanation of this phenomenon, which could 
well be fortuitous, depending on the extent to which 
veapons trials held prior to October 1952 released 
ritium to the atmosphere, and on the extent to which 
rtificial tritium escapes to the atmosphere in the 
ourse of its production. Were this tritium to be 
listributed uniformly throughout the hydrogen of 
e atmosphere, a matter which we doubt, then the 
rid integral of tritium in this form would be about 
megacuries, that is, about 200 gm., at the present 
ie. Whatever factors one allows for non-uniform 
stribution in the atmosphere the integral is still 
»bably much less than the hundreds of megacuries 

irtificial tritium that we know to be present in the 
iter bodies of the Earth?®,"". 

We are grateful to Mr. B. Bann of British Oxygen 
ases, Ltd., Wembley, Middlesex, for supplying us 
th the gas samples and to Mr. J. Pennington of the 

ie Company for having separated them from their 
sociated helium. 

K. F. BisHop 
B. T. TAYLOR 
Health Physics Division, 
nited Kingdom Atomic Energy Authority. 
Harwell, 
Didcot. 

Naturwiss,, 46, 201 
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Horizontal Drifts in the E-Region at 
Waltair 


\ CONSIDERABLE amount of work has been done on 
study of horizontal drifts in the #-layer at high- 
ititude stations, the results of which were sum- 
arized by Briggs and Spencer’. As there is prac- 
tically no work done on this aspect at low-latitude 
tations, systematic measurements of E-region drifts 
ere undertaken at Waltair (geogr. lat. 17° 43’ N., 
lat. 7:-4°) from the beginning of the 
International Geophysical Year. 
rhe results presented here are based on the analysis 
data obtained at Waltair for two years, June 1957 
M 1959. The similar fades method of Mitra was 
d with a slightly modified technique of recording?. 


mag. 


‘F 


ieasurements were made on a frequency of 2-5 Me. 
for all the 24 hr., drift records using the reflexions 
E, only being considered during night-time. 
Observations were taken at hourly intervals on all the 
rid days and, in addition, measurements were made 

it least three more days in each month so that the 

ita were available for at least six days in each month. 
Che drift speed and direction are calculated by the 
milar fades method. Follewing the usual practice, 
north-south and east-west components of the 
servations taken during each month and season 
plotted separately and mean curves drawn 
through the points as judged by the eye. These 
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Table 1 








Summer 1957 N.—-S ‘7 + 9-Osin(¢+291°) +39-0 sin(2t+110°) 
E.-W. + 5 +79-O0sin(¢+ 46°) +19-0 sin(2¢+342°) 
Summer 1958 N.-S ‘© +26-0 sin(¢+314°) +32-3 sin(2t+ 99°) 
E.—-W 0 +74-0 sin(t+ 34°) + 2-7 sin(2t+ 81°) 
Autumn 1957 N.-S + 8-0 sin(¢+199°) +31-0 sin(2t+130°) 
E.—W + 67-0 sin(¢+ 37°) +29-4 sin(2¢+329°) 
Autumn 1958 N.-S +20-0 sin(¢ +140 +47-5 sin(2¢+-101°) 
E.-W. 5-4 +99-0 sin(¢+ 39°) + 2-4 sin(2¢+352°) 

Winter 1957 
1958 N.-S 12-9 +45-0 sin(¢+ 85°) +32-0 sin(2t+ 40°) 
E.—W 4-0 +76-0 sin(¢+ 41°) +15-5 sin(2t+346°) 

Winter 1958 
1959 N.- 7°0 +42-0 sin(t+ 92°) +39-0 sin(2¢t 41°) 
E.—W 3-2 78-0 sin(¢+ 42°) +21-3 sin(2t+346°) 
Spring 1958 N. 20-1 30-5 sin(¢+136°) +41-0sin(2t+ 60°) 
E.-W. + 1-1 +71-0sin(t+ 57°) +22-0 sin(2t+344°) 
Spring 1959 N.-S 24-0 +42-0 sin(¢+ 99°) +18-8sin(2t+ 84°) 
E.-W 8-2 +78:-5 sin(t i2°) 11 -6 sin(2/ 1°) 


curves were subjected to harmonic analysis to obtain 
steady 24-hr. and 12-hr. components. In this com- 
munication, only the results of harmonic analysis of 
the data for the four seasons taken during the two 
years are presented. Table | 
the harmonic analyses thus’ obtained. 

Typical curves showing the diurnal variation of 
the north-south and east-west components for the 
59 are shown in 


gives the results of 


summer and winter seasons of 1958 
Fig. 1. 

The main features of the #-region drifts at Waltair 
may be summarized follows. The 24-hourly 
component is the predominant periodic component 
of the drift vector, while the steady and 12-hourly 
components are nearly of the same order of mag- 
The direction of the steady component, which 
towards south south—south-east, 
does any systematic change from season 
to the magnitude shows a 
variation with a minimum in winter and a maximum 
in The amplitude of the 24-hr. periodic 
north-south component is always than the 
east-west component, while the 12-hourly periodic 
north-south component is always higher than the 
east-west component, the difference being particu- 
larly marked in summer and autumn seasons. The 
phase difference between north-south and east—west 
components is such that the drift vector rotates 
clockwise in all seasons for the 12-hourly periodic 
component and also for the 24-hourly periodic com- 
ponent except the summer season for which an anti- 
clockwise sense of rotation is definitely observed. 
The phase difference between north-south and east— 
west components of 24-hourly and 12-hourly periodic 
components in a systematic manner from 
season to season. In summer and autumn seasons 
the polar plots of the drift vector give highly elongated 
ellipses the major axes of which lie along east—west 
and north-south directions for the 24-hourly and 
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12-hourly periodic components respectively. It can 
be seen from Table 1 that there is no radical change 
in the #-region drifts at Waltair for the two years. 

Comparing these results with those obtained at 
some high-latitude stations, it may be noted that 
there are some points of disagreement. Unlike the 
results of drift measurements at high latitudes, where 
the 12-hourly component is found to be predominant, 
results from Waltair reveal a prominent 24-hourly 
component. The 24-hourly east-west component is 
directed towards east during a major part of the night 
and west during most of the daylight hours at this 
low-latitude station, while the behaviour is opposite 
for the high-latitude stations like Cambridge! and 
Kjeller*. The observation of an anti-clockwise sense 
of rotation of the 24-hourly drift vector for the 
northern hemisphere station is unusual and requires 
confirmation from data obtained at other low-latitude 
north and south hemisphere stations. 

The 12-hourly north-south component shows 
maximum northward drift at 0300 and 1500 hr. at 
high-latitude stations while this occurs at 0000 and 
1200 hr. local time at Waltair. 

Recently, Skinner, Hope and Wright‘, while re- 
porting results of drift measurements from Ibadan 
(geogr. lat. 07° 26’ N., geogr. long. 03° 53’ E.; geo- 
mag. 10-6° N.), have reproduced the curve of east 
west component of EZ-region drifts during day-time 
which shows features similar to our day-time curves 
for the east-west component. They have not observed 
any significant north-south component although 
their geomagnetic latitude is nearer to ours. The 
reason for the lack of north-south component at 
[Ibadan is presumably due to the fact that the mag- 
netic field at that station is nearly horizontal, the 
magnetic latitude being 2}°S. 

A detailed paper embodying the results of this 
investigation will shortly be published elsewhere. 
We wish to acknowledge the financial assistance 
given by the Council of Scientific and Industrial 
Research for supporting these investigations. 

R. RaGHAvA Rao 
B. RAMACHANDRA Rao 
Ionospheric Research Laboratory, 
Andhra University, Waltair. 
Briggs, B. H., and Spencer, M., “Rep. Prog. Phys.”’, 17, 245 (1954). 
Rao, B. R., Rao, M. 8., and Murty, D. 8. N., J. Sei. Indust. Res., 
5, 75 (1956) 
Harang, L., and Pederson, K., J. Geophys. Res., 62, 183 (1957). 
* Skinner, N. J., Hope, J., and Wright, R. W., Nature, 182, 1363 


(1958). 


Life-Time of the Atomic Oxygen 6300 A. 
Line in the Auroral Spectrum ’ 


Tue red auroral lines of atomic oxygen at 6300 A. 
and 6364 A. are known to appear with a delay 
against other lines. The lag is due to the fact that 
the excited oxygen aioms are metastable, the life- 
time being about 110 sec.'. The delay of the oxygen 
5577 line is for the same reason 0-75 sec.*. For 
experimental evidence records made by an automatic 
direct-recording spectrograph have been used and the 
variation of the red line due to changes in the 
luminosity of the aurora is compared with that of the 
N,* band 4278 A. The green line 5577 A. may also 
be used; but on the spectral records this line was 
too often outside the record, because of over-loading 
of the amplifier. 

Some examples of the records showing a sudden 
rise of the spectral intensity have been selected, and 
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curves for both lines investigated are drawn with 
the same amplitude in order to measure the time 
difference at different moments. Fig. 1 shows three 
typical examples. The values of the delay are mean 
values received by measuring the time difference at 
a number of points for the rising part and the 
falling part of the curve respectively. Only examples 
with sufficiently close amplitude variations are used. 

The resulting mean value of 12 cases is é, 110 sec. 
for the rising part and ty = 175 sec. for the falling 
part of the curve. These values may be regarded as 
approximate, for intensity variations of the aurora 
between each record and movements of the aurora 
will introduce some error. Further, the difference in 
height level of the excitation of both lines may 
influence the result. Nevertheless, it seems that the 
delay at the beginning of the emission of the red line 
is in accordance with the theoretical value but that 
the delay is greater when the emission decreases 
The theoretical value of 110 sec. is a mean value of 
a large number of single processes and a slower fall 
of the curve is therefore quite reasonable. 


Table 1 

Curve No. t, t 
l 99 168 
2 102 195 
3 105 222 
t 115 109 
5 120 180 
6 127 330 
7 53 135 
8 7 180 
9 135 120 
10 135 135 
11 135 160 
12 135 -- 

Mean values t, = 110 sec. iy = 1758ec 
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Table 1 shows the spreading of values of the 
12 cases analysed. In all, 36 cases have been inves- 
tigated and the mean value of the measured delay 
including both the rising and falling period is 
~120 sec. 
We wish to thank Dr. A. Omholt for valuable 
discussion concerning this communication. 
W. STOFFREGEN 
H. DERBLOM 
Uppsala Ionospheric Observatory, 
tesearch Institute of National Defence, 
Sweden. 
‘Garstang, R. J., Mon. Not. Roy. Astro. Soc., 111, 115 (1951). 
Omholt, A., and Harang, L., J. Atmos. Terr. Phys., 7, 247 (1955). 


METALLURGY 


Dependence on Temperature of Elastic 
Moduli of Tin 


THE crystalline structure of tin changes from cubic 
(grey tin) to body-centred tetragonal (white tin) at 
18°C. These structural changes were examined as 
reflected in the thermoelastic behaviour of poly- 
crystalline tin. 

The composite piezo-electric oscillator method! has 
been employed in the present investigation, the 
frequency-range being 100-145 kc./sec. Specimen 
rods of rectangular and cylindrical cross-sections are 
cut from 99 per cent pure tin. The composite oscillator 
with its holder is placed at the centre of an electrical 
furnace and the temperature is controlled by varying 
the current using a variac. For study in the low- 
temperature region, the crystal holder sealed in a 
container is maintained in a Dewar flask containing 
freezing mixtures. 

The observed variations of Young’s modulus (Y) 
and rigidity modulus (@) with temperature are 
represented graphically in Fig. 1. The elastic moduli 
decrease linearly with temperature. A sudden change 
in the gradient of the curves occurs at about 18°C. 
in both the This transition is due to the 
tructural changes. 

In addition to the above transition, the Young’s 
modulus versus temperature curve shows another 
sudden change in the gradient at 80°C. It is quite 
possible that this phenomenon is due to the stress 
relaxation at grain boundaries. It is known that the 
temperature at which the grain boundary slipping 
takes place varies with the frequency of excitation. 
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Experimental investigations to study the thermo- 
elastic behaviour of tin at low frequencies (3—10 ke./s.) 
are in progress. Such a study enables us to explain 
the mechanism responsible for the transition occurring 
at 80°C. 

The volume compressibility of cubic ..n at 0° C. is 
calculated making use of the values of the elastic 
moduli of polycrystalline tin at 0°C. The value 
works out to be 8-31 x 10-** cm.?/dyne. 

We thank Dr. J. Bhimasenachar for his guidance 
and encouragement. 

P. JAYARAMA REDDY 
S. V. SUBRAHMANYAM 
Physics Department, 
Sri Venkateswara University, 
Tirupati, India. Oct. 19. 


* Subrahmanyam, 8. V., J. Chem. Phys., 22, 1562 (1954). 


Distortions in Metallic Structures 

A PUZZLING feature of the Periodic Table has been 
that certain of the elements, such as indium, cadmium 
and zinc, while possessing typically metallic proper- 
ties, have structures which are slight distortions of 
close-packed metallic structures. 

Experimental! and theoretical? work on indium 
shows that the tetragonal distortions in this metal, 
and its alloys with various solutes, can be ascribed to 
a lowering of Fermi energy brought about by the 
distortion. ‘The energies of the {002} overlaps for 
the face-centred cubic Brillouin zone are identical, 
and provided that the total number of electrons in 
these overlaps is below a certain value, this particular 
‘degeneracy’ can be removed or lowered, with a 
lowering of Fermi energy, by orthorhombic or tetra- 
gonal distortions, at constant volume, of the metal 
lattice. The energetics of these distortions are similar 
to those presented by Dunitz and Orgel*® for the 
Jahn-Teller distortions which have been so successful 
in explaining the structures of transition-metal 
oxides, though without the corresponding bonding 
and anti-bonding implications. 

The energy scheme of Fig. la will enable this to be 
readily visualized; the levels shown are those 
corresponding to the initiation of the overlaps on 
(002) and (200) for a face-centred cubic structure, 
and for the tetragonally distorted structures with 
axia! ratios respectively less than and greater than 
1. The sequence of phases indicated by this scheme 
is observed in the systems indium-tin and bidium-- 
lead‘, in which the volume differen as_be- 
tween the phases are very small. 

It should be emphasized that in each 
structure the continuous energy band of the 
lower level actually overlaps that of the 
higher level; caleulations (Wood, V. E., 
private communication) show that some states 
in the higher-energy overlap may be occupied 
without greatly affecting the stability con- 
ferred on the structure by the Fermi energy. 





The energy distribution curves in Fig. 16 
are approximated by rectangles, so that 
the total energy of the electrons*in these 

(proportional to the area below 


Ove laps 
the Fermi surface) can be easily visualized. 
In this scheme, the first structure would 
become unstable when the band was filled 
to level A, and the stability of the cubic 
structure would equal that of the other two 
at level B. 
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Fig. 1. Energy schemes for {002} Brillouin zone overlaps in metals 
with face-centred cubic and closely related tetragonal structures 


A similar type of electronic stabilization may 
account for the large axial ratios of the close-packed 
hexagonal structures of zinc and cadmium, in which 
the low-multiplicity (0001) overlaps are moved to 
lower energies by the type of distortion observed. 

Wood's calculations*, based on electrostatic and 
Fermi energies only, give no indication of the factors 
which govern the equilibrium axial ratio in the cases 
considered here, and which prevent such distortions 
in the typical metallic structures. This may be due 
to the simplifying approximations made ; but in my 
opinion, the origin of these balancing forces must be 
sought in the underlying assumptions. 

Apart from an entropy effect which would be similar 
in all cases, there appear to be only two possibilities : 

(a) In spite of the relatively open nature of the 
metals concerned, the properties of the ions them- 
selves and/or their exchange interactions may be 
of importance. Some possible support for this view 
is given by the observation® that even the ion-cores 
in zine seem to be distorted by elongation in the 
lirection of the c-axis. 

(6) A partial localization of the electron cloud may 
modify the full-zone contribution to the lattice 
energy. This would perhaps correspond to a change 
in energy due to the distortion of one type of bond in 
the resonant bond theory of metals. 

In contrast to previous theories of the tetragonal 
structure of indium‘, the present theory easily 
explains the low-energy transformation to a second 
tetragonal phase which occurs in the systems indium— 
lead and indium-—tin, and is thus to be preferred. 


J. GRAHAM 


Chemical Research Laboratories, 
Commonwealth Scientific and Industrial Research 
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Electron Spin Resonance of ,-Irradiated, 
Substituted Toluenes 


THE results reported here were obtained during an 
attempt to study the energy transfer efficiency from 
low-temperature, rigid glass solvent to dissolved 
solute molecules on y-irradiation. This has recently 
been studied by Porter et al.', who recorded the ultra- 
violet absorption spectra of both y-irradiated and 
ultra-violet illuminated side-chain substituted arom- 
atic hydrocarbons dissolved in hydrocarbon glasses 
at 77° K. and, using comparative methods previously 
reported®,*, assigned the various spectra to benzyl- 
type radicals. It was thought that using the electron 
spin resonance technique instead of ultra-violet 
spectroscopy, additional information might be ob- 
tained ; but preliminary experiments soon showed 
that, while a radical signal characteristic of the solute 
could be detected, the fine structure of the electron 
spin resonance spectrum of the glass solvent made 
quantitative estimations impossible. However, the 
electron spin resonance spectra of the various radicals 
produced by y-irradiation of the pure, degassed, 
frozen solutes alone were determined. 

On first sight all the spectra seemed identical, 
being broad and featureless with negligible hyperfine 
splitting (Fig. 1). The signal was checked to be 
below saturation, and the narrow (about 10 gauss) 
super pure quartz reaction vessel signal—occasionally 
observed—was allowed for. However, on closer 
inspection it was found that the overall width differed 
significantly from radical to radical. Table 1 com- 
pares these results with those of Porter e¢ al.'. 

With the exception of C,H,CH,CH,, which received 
additional irradiation, all the above were exposed and 
measured under as near as possible identical condi 
tions. using the apparatus and techniques already 
described‘. 

In order to obtain a very rough estimate of the 
G-value of the above radical production, ‘cupric- 
ferrous’ dosimetry was used® to establish that 
in 1 hr. the dose received was approximately 
0-6 1018 100 eV./gm. ; comparison of the signa 
from a known amount of diphenylpicrylhydrazy! 
in benzene with the above broad signals indicate:| 
that approximately 10'* spins/gm.—a lower limit 
depending on modulation and any (small) saturation 
effects—were formed after 1-hr. irradiation of all the 
samples except ethyl benzene and the quartz reaction 
vessel. The latter gave approximately 10" spins/gn 





-+——Tine 


Fig. 1. Electron spin resonance from isopropyl benzene ait 
20 min. y-irradiation at 77° K. Spread, 34 gauss. Dashed line 
magnetic fleld. Rate versus time 
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Tabie 1. ELECTRON SPIN RESONANCE OF SUBSTITUTED TOLUENES 





— oui 2 a 


| 
Compound Radical (see ref. 1) Electron spin resonance observed | 
y Ultra-violet (and y-irradiation time) | 
C,H,.CH, C,H,.CH, ' C,H,.CH, Broad, £6 gauss spre ad (1 hr. 
C,H,.CH,Cl | C,H,.CHCl C,H,.CH, - 32 gauss (3 hr.) + 46 gauss (1 hr.) 
©,H,.CHCI, C,H,.CCl, },H,.CHCI | me 66 gauss (1 hr.) 
C,H,.CCl, C,H,.CCl, C,H,.CCl, 66 gauss (1 (hr. 


C,H,.CH,CH, . H,.C€ HCH, 
C,H,.C(CH;), >.H,.C(CHs), 
C,H,.CH(CH,),. °C H,.C(CH,)» 


From the above minimum a value of G ~ 1-6 was 
obtained. 

Inspection of Table 1 shows that there is a correla- 
tion between the electron spin resonance line spread 
in gauss and the radicals detected by Porter et al. 
by ultra-violet spectroscopy. In three cases in Table | 
Porter et al. found that two different compounds gave 
the same radical under suitable conditions. For these 
three cases the electron spin resonance of the pure y- 
irradiated compounds has the same line-width. For 
henzyl chloride it can be seen that there are two 
species produced ; this is also in agreement with the 
observations of Chilton and Porter! that a small 
amount of benzyl radical is formed in addition to the 
C,H,CHCI radical. However, though one can specu- 
late as to the nature of the radicals responsible for 
the electron spin resonance, without fine structure 
no definite conclusions can be drawn. 

[ am greatly indebted to Dr. M. S. Matheson for 
helpful discussions, to Dr. B. Smaller for the loan of 
his apparatus and helpful discussions, to Mr. W. Mulac, 
who carried out the irradiations, and to Dr. E. 
Strachan for supplying purified samples. 


N. K. Bripcr* 
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Phosphides of the Platinum Metals 


l'HE existence of several phosphides of the platinum 
metals has been reported by Biltz e¢ al.1. The 
knowledge of the physical and chemical properties of 
these phases is, however, very meagre. Crystal 
structures have been determined for only three 
phosphides, namely, Rh,P and Ir,P with the anti- 
fluorite structure? and PtP, with the pyrite structure’. 

| have started an X-ray powder and single-crystal 
investigation of phosphides of the platinum metals 
n order to establish the compositions of the phases 
and to determine the crystal structures. A prelimin- 
ary report of the work is given below. 

lhe phosphides have been prepared by heating 
metal powder (purity 99-5 per cent or higher) and 
red phosphorus in sealed and evacuated silica tubes 


at temperatures between 500° and 1,100° C. No 
appreciable attack on the silica tubes has been 
observed. 


Powder photographs of the reaction 


C.H. ‘CHCH, 
C,H,.C(CHs)s a 
C.H..C(CH,). a 34 gauss (20 min.) | 


) 
" (~80 gauss)—very weak (3 hr.) 
32 gauss (20 min.) 


products have been taken with Guinier-type focusing 
cameras in copper Ka radiation. Calcium fluoride 
(a = 5-4630 A.) has been used as internal calibration 
standard on each powder photograph, and the 
accuracy of the lattice parameter determinations is 
estimated to be higher than 0-05 per cent. 

From a survey of the X-ray powder data, the unit 
cell dimensions and crystal structure types of the 
phases Ru,P, RuP, RuP,, OsP,, RhP;, PdP; and 
IrP,; have been determined. The earlier structure 
determinations of Rh,P, Ir,P and PtP, have been 
confirmed, and the unit cell dimensions have been 
redetermined. Crystallographic data for the above- 
mentioned phases are given in Table 1. 





Table 1. CRYSTALLOGRAPHIC DATA OF SOME PLATINUM METAL 
PHOSPHIDES 
Phosphide | Structure type| Space group a b ce 
Ru,P C23 Pnrma 3-859 6-896 
(anti-PbCl,) (Pmnb 5-902 6-896) 
RuP B31 Pnrma 3-168 6-120 
(MnP) | (Pbnm 5-520 3-168) 
RuP, C18 Pnnin 5-115 5-888 2-870 
(marcasite) | (Pmnn 2°870 5:115 5-888) | 
OsP, C18 Prnm 5-098 5-898 2-918 
(marcasite) (Pmnn 2-918 5-098 5-898) 
Rh,P Cl Fin3m 5-498 . — 
| (anti-fluorite) 
Ir,P Cl Fm3m 5-543 — — 
(anti- fluorite) | 
RhP, D2 Im3 7-996 — 
(skutte rudite ) 
PdP, D2 Im3 7°705 - — 
| (skutte rudite ) 
IrP, | D2 Im3 8-015 — - 
(skate rudite ) 
PtP, Pa3 5-694 - - 
enaien ) 


The standard se tting of the unit cells in “International Tables for 
X-ray Crystallography”, 1 (1952) has been adopted. The settings of 
the unit cells according to the descriptions of the C23, B31 and C18 
types in “Strukturbericht” are given in parenthesis. The unit cell 
dimensions are given in angstrom units. 


The structural similarities with the phosphides of 
the iron group metals may be noted. Co,P* is 
isostructural with Ru,P, FeP*® and CoP § are iso- 
structural with RuP, FeP,* is ¢sostructural with 
RuP, and OsP,, CoP,’ and NiP;?’ are itsostructural 
with RhP,;, PdP; and IrP;. It may further be 
mentioned that the powder photographs of RhP, 
and IrP, show a very close resemblance, and it is 
thus highly probable that RhP, and IrP, are 
isostructural. 

The crystal structure investigations of the remain- 
ing phosphides of the platinum metals will mainly 
be performed with single-crystal methods. Detailed 
reports of this work will be published later (Acta 
Chem. Scand.). 

This investigation was made during the tenure of a 
generous scholarship from the Statens Tekniska 
Forskningsrad. The work has been supported in 
part by the Air Force Office of Scientific Research of 
the Air Research and Development Command, United 
States Air Force, through its European Office under 
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contract No. AF 61(052)-40. I wish to thank 


Prof. G. Hagg for his kind interest. 
Stig RUNDQVIST 
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Zone of Negative Temperature 
Coefficient in Hydrocarbon Oxidation 


THE occurrence of a zone of negative temperature 
coefficient is a feature almost unique to hydrocarbon 
oxidation. It is most intriguing how the rate and 
extent of reaction, which at first increase rapidly with 
temperature and give rise to cool flames, begin to 
fall with further rise in temperature. Although, 
justifiably, there has been a great deal of speculation 
about the factors responsible for this zone, very little 
experimental work seems to have been done to 
explore it. 

We have recently investigated the zone of negative 
temperature coefficient of a number of hydrocarbons. 
The effect of various additives, which represent 
different categories of reaction intermediates, such 
as peroxides, aldehydes, ketones, alcohols and 
olefins, has also been examined. The experimental 
conditions used were similar to those described 
previously’. 

In general, the zone of negative temperature coeffi- 
cient has been found to extend over the same tempera- 
ture range—approximately 380-460° C.—for different 
hydrocarbons. There are, however, marked differ- 
ences with respect to the magnitude of the coefficient. 
Among »-paraffins (pentane to dodecane) the magni- 
tude of the negative temperature coefficient decreases 
with increasing chain-length, the effect being particu- 
larly marked among the lower members of the series. 
In branched paraffins (for example, isomeric hexanes) 
the magnitude of the coefficient tends to increase with 
the degree of branching. Furthermore, the tempera- 
ture-range between the onset of the negative tempera- 
ture coefficient and the commencement of the follow- 
ing region of positive temperature coefficient also 
increases. 

The addition of di-t-butyl peroxide has a pro- 
nounced effect on the zone of negative temperature 
coefficient. It markedly enhances the extent of 
reaction and lowers the magnitude of the coefficient. 
It also reduces the temperature-range over which 
the region extends. Acetaldehyde and propicnalde- 
hyde also affect the zone of negative temperature 
coefficient in the same manner as di-t-butyl peroxide, 
although the effect of both aldehydes is considerably 
less than that of the peroxide. Acetaldehyde is 
more effective than propionaldehyde. The addition 


of acetone has scarcely any effect, while methyl ethyl 
ketone slightly enhances the extent of reaction. 
Methanol and ethanol have, if anything, a slightly 
inhibitory effect on the reactions. 
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Different olefins markedly affect the zone of nega- 
tive temperature coefficient : they may act either as 
inhibitors or accelerators. The olefins which inhibit 
reactions (such as ethylene, isobutene and 2,4,4- 
trimethylpentene-1) can be recognized as those 
resistant to oxidative degradation in the temperature- 
range of the negative temperature coefficient, and 
furthermore their saturated analogues are also 
unreactive in this region (Salooja, K. C., unpublished 
work). On the other hand, the olefins which accelerate 
reactions (such as butene-1l, butene-2 (cis or trans), 
hexene-1 and hexa-1,5-diene) are those which by 
themselves undergo oxidation, and/or the saturated 
analogues of which are reactive in this region (Salooja, 
K. C., unpublished work). 

It is clear from the effect of various types oi 
additives that olefins of the first category mentioned 
above are capable of causing marked inhibition of the 
reactions. This suggests that such olclins may 
themselves be responsible for causing the onset of the 
negative temperature coefficient. That such olefins 
are indeed formed in appreciable amounts in the 
cool flame region preceding the zone of negative 
temperature coefficient is well known*-*. Moreover, 
it has also been shown that the concentration of 
olefins increases with temperature*.*. 

The formation of olefins in the temperature-range 
of the zone of negative temperature coefficient is 
expected from (1) the low stability of RO, radicals 
beyond the cool flame region, RO-,— olefin +- HO-,, 
and (2) a split in the carbon-carbon bond of th 
alkyl radical, R-—- olefin + R’. Apart from cases 
where the RO, radical corresponds to a lower carbon 
number fragment of the starting material, it is 
particularly the olefin generated by the second reaction 
that would be responsible for the onset of the negativ: 
temperature coefficient. This is so because only th: 
olefins of lower carbon number (and also their satur 
ated analogues) are likely to be more resistant to 
oxidation than the parent hydrocarbon. 

Although analytical data are not yet available on 
the combustion products of all the hydrocarbons 
investigated so far, it does not seem unreasonable to 
suggest that the observed relative order of negative 
temperature coefficients of different hydrocarbons 
could be related to the type of olefins that could 
arise predominantly from different hydrocarbons. 
For example, among n-paraffins the lower members 
of the series would no doubt lead to the formation of 
lower carbon number olefins than the higher members 
of the series. Since the lower olefins, and also their 
saturated analogues, are more resistant to oxidation 
than the higher ones (ref. 7 and Salooja, K. C., 
unpublished work), the lower n-paraffins, as observed, 
would have a negative temperature coefficient of 
higher magnitude. Again, in comparison with n-paraf- 
fins, the branched-chain paraffins would lead to the 
formation of branched olefins (which are more 
resistant to oxidation than the corresponding straight- 
chain olefins (Salooja, K. C., unpublished work), and 
the saturated analogues of which are also far more 
resistant to oxidation than those of the corresponding 
straight-chain olefins?) and hence, in accordance 
with the observations, the branched-chain hydro- 
carbons would have a sharper negative temperature 
coefficient 

The effect of various additives can be readily 
interpreted by considering it vis-a-vis the chain- 
terminating effect of the olefins that inhibit reactions. 
Additives that are unreactive in the temperature 
range of the negative temperature coefficient would 
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have no effect in this region. Reactive additives 
like acetaldehyde and, even more so, di-t-butyl 
peroxide, which can markedly increase chain- 
branching species, would, as observed, lower the 
magnitude of the negative temperature coefficient. 

Apart from the role of olefins, it is possible, as 
suggested by several investigators (notably Satterfield 
and Wilson‘), that the expected decrease in the 
number of highly reactive OH radicals relative to 
HO, radicals at temperatures above the cool flame 
region may also contribute to the onset of the zone 
of negative temperature coefficient. Further work 
is in progress and the results will be reported in 
detail elsewhere. 

I wish to thank the Directors of ‘Shell’ Research, 
Ltd., for permission to publish this work. 
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BIOPHYSICS 


Aggregation and Staining Behaviour of 
Ultra-violet Irradiated Films of Nucleic 
Acids 


DURING a study of the staining behaviour of ultra- 
violet irradiated films of deoxyribonucleic acid 
(deposited by evaporation from aqueous solution on 
glass slides and exposed to the 2357 A. emission of a 
30-watt germicidal lamp), it was found that, upon 
exposure of an irradiated film to water or salt solution, 
the deoxyribonucleic acid passes into the aqueous 
phase as insoluble fibres readily visible to the naked 
eye. For a film containing 25 ygm. deoxyribonucleic 
acid spread over an area 10 mm. in diameter, and 
with an incident intensity of 10‘ ergs/em.?/sec., fibre 
formation is visible following several seconds irradia- 
tion. With increasing doses the dimensions of the 
fibres increase until, after 1-2 hr., they are 7-8 mm. 
in length and 200u in diameter ; beyond this point 
further irradiation results in degradation. 

Fibre formation may also be observed on the glass 
slides directly under the microscope or, better still, 
after staining with a basic dye. Analogous results 
are obtained with highly polymerized deoxyribo- 
nucleic acid from widely different sources. 

In some respects this phenomenon resembles that 
reported for commercial deoxyribonucleic acid films 
irradiated in vacuo or under dry nitrogen with the 
subsequent formation, in water or salt solution, of a 
gel susceptible to the action of deoxyribonuclease’. 
In the experiments reported here the fibres were 
completely insoluble in water or heated salt solution 
and were completely resistant to the prolonged action 
of deoxyribonuclease. 
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The apurinic acid resulting from the mild acid 
hydrolysis of deoxyribonucleic acid has a molecular 
weight of only 15,000 * and hence a chain-length about 
1 per cent that of the parent deoxyribonucleic acid. 
But irradiated apurinic acid forms fibres similar in 
magnitude to those obtained with deoxyribonucleic 
acid. The ultra-violet induced aggregation (poly- 
merization) or cross-linking is consequently not 
dependent on the use of highly polymerized material, 
but involves the formation of specific intermolecular 
linkages. The importance of the pyrimidine rings in 
this reaction is testified to by the fact that poly- 
adenylic and polyguanylic acids do not exhibit fibre 
formation whereas polyuridylic acid does. Ribo- 
nucleic acid reacts to only a slight degree and proteins 
and polysaccharides not at all. 

The staining behaviour of these irradiated films is 
of considerable interest, particularly with regard to 
methyl green. Dye uptake and retention were 
measured quantitatively by use of dyes labelled with 
carbon-14 and sulphur-35, followed by end-window 
counting*. It was found that the affinity of deoxy- 
ribonucleic acid for methyl green increases by as much 
as 50-80 per cent upon irradiation, following which 
it decreases. Particularly striking is the behaviour 
of apurinic acid, the affinity of which for methyl green 
is very low; a film of apurinic acid irradiated 
under exactly the same conditions as a deoxyribo- 
nucleic acid film will bind as much, or even more, 
dye than the latter. Staining with other dyes 
showed that increased binding of methyl green is 
not due to trapping of dye molecules in the fibre 
interstices. 

Deoxyribonucleic acid films stain Gram-negative, 
as compared to apurinic acid and ribonucleic acid, 
which are Gram-positive’. However, an irradiated 
deoxyribonucleic acid film is so strongly Gram- 
positive that its decolorization time approximates 
that prevailing for numerous Gram-positive micro- 
organisms. 

The above, as well as other, results, which will be 
fully reported elsewhere, are of interest from several 
points of view. 

(a) We have here an example of radiation-induced 
aggregation (cross-linking) of a_ biological polymer 
by ultra-violet light like that already observed for 
such synthetic polymers as _ poly(vinylchloride)', 
polyethylene and polyacrylamide*. In preliminary 
experiments we have found that ionizing radiations 
(y-rays from cobalt-60 source) do not promote 
aggregation in either deoxyribonucleic acid or apurinic 
acid (cf., however, ref. 1). 

(6) A nucleic acid film in air is, in some respects, 
more representative of the state of deoxyribonucleic 
acid in living cells than is a solution of deoxyribo- 
nucleic acid. We have indeed found some correlation 
in staining behaviour between irradiated nucleic acid 
films and some micro-organisms and tissue sections. 
It would obviously be desirable to examine the 
irradiated deoxyribonucleic acid, apurinic acid and 
polyuridylic acid films by X-ray diffraction. 

(c) The extent to which deoxyribonucleic acid binds 
methyl green, which is of considerable importance in 
cytochemistry, is seen to be dependent not only on 
the molecular weight of the nucleic acid but also on 
its state of aggregation which, in cell nuclei, may be 
quite high. Irradiated films of deoxyribonucleic acid 
should also be useful for in vitro studies of the 
mechanism of Gram staining‘. 

We are indebted to Dr. 8S. Ochoa and Dr. R. F. 
Beers for gifts of enzymatically synthesized poly- 
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adenylic acid and to Dr. A. M. Michelson for chem- 
ically synthesized polyuridylic and polyguanylic acids. 
D. SHUGAR 
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State Institute of Hygiene, 
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BIOCHEMISTRY 


Synthesis of Tritium-labelled Tyrosine, 
3 : 5-Diiodotyrosine and Thyroxine 

ALTHOUGH much of the progress in thyroid hormone 
biochemistry is due to the use of thyroxine and 
3: 5 : 3’-triiodothyronine labelled with iodine-131, the 
high metabolic lability of the iodine atoms makes it 
impossible to follow the fate of these substances 
beyond the stage of enzymic deiodination'. The 
low specific activity of thyroxine labelled with car- 
bon-14* has ruled out its use under physiological 
conditions. Hence, with the availability of pure 
tritium gas and methods for its measurement, it was 
decided to prepare tritium-labelled thyroxine. The 
commonly used methods of exchange could not be 
used because of the danger of reductive deiodination 
by tritium gas. The procedure summarized below, 
and which involved the synthesis of N-acetyl-tyrosine 
and N-acetyl-3 : 5-diiodotyrosine as intermediates, 
was finally adopted. All compounds were hence 
labelled in 2 carbon atoms of their alanine side-chain. 


COOH 
CH.CO.O CH=C 
NH.COCH 
i COOH 
CH.CO.O CH.*— -.CH* 
NH.COCH 
} COOH 
HO CH,* -CH* 
NH.COCH 
I i COOH 
HO CH.*—-CH* 
I NH.COCH 
I I COOH 
HO O CH,* CH* 
I I NH.COCH 
I I J COOH 
HO O CH,*—CH®* 
i [ NH 


4-Acetoxy-a-acetamidocinnamic acid, synthesized 
according to Saul and Trikojus*, was dissolved in 
dioxan and reduced with tritium gas in the presence 
of platinum oxide to O,N-diacetyl-tyrosine. (This 
reaction was carried out by Dr. E. Anthony Evans 
at the Radiochemical Centre, Amersham.) The 
activity of O,N-diacetyl-tyrosine was 


specific 


= 


5 
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Fig. 1. Autoradiogram of a chromatogram developed to illustrate 
the reactions leading to the formation of *H-labelled N-acetyl- 
thyroxine. A: N-acetyl tyrosine in ammoniacal solution 

B: After the addition of 1-5 m.mole iodine to the ammoniacal 
solution ; C: after the addition of 5-0 m.mole iodine; D: 24 hr. 
after the incubation at 37° of reaction products in solution C ; 
E: 4 days ofincubation ; F: 8 days; @: 12 days;1: N-acetyl- 
tyrosine; 2: N-acetyl-3:5-dilodotyrosine; 3 N-acety!- 
thyroxine; 4: unknown tritium-labelled material present as 
contamination in the original sample of O,N-diacetyl-tyrosine. 
Chromatographic solvent: -butanol (80)-dioxan (20)-2N 
ammonia; 0: origin of chromatogram; Fr: solvent front. 
Small amounts of radioactive products formed as a result of self- 

radiation damage are not visible in the autoradiogram 


178-8 mc./m.mole. Tritium-labelled tyrosine could be 
obtained by its hydrolysis. 

For the synthesis of labelled diiodotyrosine and 
thyroxine, 0-150 m.mole O,N-diacetyl-tyrosine was 
partially hydrolysed in 0-325 ml. 1 N_ sodium 
hydroxide at room temperature for 30 min. to 
N-acetyl-tyrosine. 0-350 ml. of concentrated am- 
monia (sp. gr. = 0-880) solution was added after 
neutralization of sodium hydroxide with 0-110 ml. 
3-5.N hydrochloric acid. To this was added 
dropwise 0-5 m.mole iodine in potassium iodide 
at 0° and the excess iodine was neutralized with 
Na,S,0,;. The N-acetyl-3 : 5-diiodotyrosine formed 
is separated by preparative paper chromatography 
if diiodotyrosine is to be obtained. It is not 
separated if thyroxine is to be prepared; instead 
the volume of the solution was reduced to 0-3 ml. 
to which 1 ml. of 0-05 M borate buffer, pH 7:9, 
was added. Incubation of this solution at 37° C. 
led to the coupling of 2 molecules of N-acety! 
diiodotyrosine to 1 molecule of N-acetyl] thyroxine, 
as described by Pitt-Rivers‘. At the end of 12 
days of incubation, the tritiated N-acetyl-thyroxine, 
the uncoupled N-acetyl-diiodotyrosine and other 
radioactive products were separated by preparativ: 
paper chromatography. Paper chromatograph, 
and autoradiography of aliquots withdrawn at 
different stages of the synthesis were used to follow 
the course of reaction as shown in Fig. 1. 

Autoradiography was found to be a most con 
venient method for the detection and estimation of 
tritiated substances on chromatograms. Liquid 
scintillation counting confirmed the validity of such 
an estimation. The yield of tritiated N-acety 
thyroxine was low: 0-009 m.mole (specific activity 
56 me./m.mole). Half the radioactivity would b 
lost in one alanine side-chain split off in the cor 
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densation of two molecules of N-acetyl-diiodotyrosine. 
Che N-acetyl group was hydrolysed with 5 N hydro- 
chloric acid in the presence of iodide to prevent 
deiodination. Only the racemic forms of thyroxine, 
diiodotyrosine and tyrosine could be prepared by the 
above method. All attempts to obtain the L-forms 
by the action of L-amino-acid de-acetylase from pig 
kidney or penicillium extracts have so far failed. 
We are indebted to Dr. R. Pitt-Rivers for help and 


guidance. = 
R. Tata* 


% J. 
A. D. BROWNSTONE 


National Institute for Medical Research, 
Mill Hill, London, N.W.7. 


* Beit Memorial Fellow. 
: Pitt-Rivers, R., and Tata, J. R., “The Thyroid Hormones” (Perga- 
mon Press, London, 1959). 
* Lipner, H. J., Barker, 8. B., and Winnick, T., Endocrinol., 51, 406 
(1952). 
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inhibition of Lipid Peroxidation in 
Microsomes by Vitamin E 

THE requirement for vitamin E is largely repre- 
ented by a need for a biologically active lipid 
antioxidant. Vitamin E-deficient animals show in 
vivo lipid peroxidation and a wide variety of meta- 
bolic changes'. How metabolic changes are related 
to lipid peroxidation is a major problem. 

Recently, we found? that isolated mitochondria 
deteriorate by hematin-catalysed lipid peroxidation. 
In addition, mitochondria isolated from the livers of 
vitamin E-deficient rabbits had undergone lipid 
peroxidation in vivo as measured by the thiobarbituric 
acid reaction. When isolated these mitochondria 
were more labile to lipid peroxidation in vitro than 
those from controls. This suggests that the free- 
radical intermediates of lipid peroxidation damage 
the mitochondria structurally and functionally, thus 
bringing about deranged metabolism. 

Microsomes should be labile to lipid peroxidation 
for the same reasons as mitochondria. The micro- 
somal fraction contains 30-40 per cent total lipid, 
mainly phospholipides, and contains twice the 
amount of polyunsaturated lipids on a nitrogen basis 
as do mitochondria. Some of these lipids are in close 
molecular proximity to cytochrome b,. Cytochromes 
are among the most potent lipid peroxidation cata- 
Vitamin E is the only known lipid antioxidant 
in microsomes where it would function to inhibit 
lipid peroxidation. 

Following the same course of research with 
microsomes as with mitochondria? it was found that 
the microsome fraction from rat livers deteriorated 
by lipid peroxidation at a rate of 0-1 ml. oxygen 
reacted/mgm. nitrogen/hr. at 37°C. Increase in thio- 
barbituric acid reactants paralleled oxygen absorption 
during the first 2 hr. Added «a-tocopherol at 0-25 
mgm./mgm. nitrogen gave 72 per cent inhibition of 
oxygen absorption and 69 per cent inhibition of 
thiobarbituric acid reactants. Since 0-01 M cyanide 
0-1 M methylene blue give 71-94 per cent 
inhibition as measured by oxygen absorption or 
thiobarbituric acid reactants, the lipid peroxidation 
appears to be catalysed by cytochrome b, and other 
hemochromes present. Cytochrome 6, destruction 
in a 4-hr. reaction was 80 per cerit. To determine if 
the microsomes of vitamin E-deficient animals 
undergo lipid peroxidation in vivo they were isolated 
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from the livers of vitamin E-deficient and control 
rabbits. The packed volume yield was one-third 
and the total nitrogen/ml. was six times higher for the 
microsomes from the vitamin E-deficient as compared 
to controls. The significance of these differences is 
at present unknown. Microsomes from vitamin E- 
deficient rabbits had 5-7 times as much thiobarbituric 
acid reactants per ml. as the controls. This highly 
significant difference (P = 0-001) indicates that the 
microsomes had undergone lipid peroxidation in vivo. 

Lipid peroxidation damage to the microsomes of 
vitamin E-deficient animals may account for degen- 
eration of microsomes as observed by electron 
microscopy*, increased turn-over rate of some nucleic 
acids‘, effects on protein synthesis!, and decreased 
ascorbic acid synthesis®. 

This research was supported in part by grant 
A~-1672 from the National Institute of Arthritis and 
Metabolic Diseases, National Institutes of Health. 

A. L. TaPPet 
H. ZALKIN 
University of California, 
Davis, California. 
? Harris, P. L., and Mason, K. E.,in “Vitamin E”’, 
Congress on Vitamin E, Venice, Italy (1955). 
. a ON L., and Zalkin, H., Arch. Biochem. Biophys., 80, 326, 333 
* Piccardo, M. G.,and Schwarz, K.,in “Liver Function, a Symposium 
on Approaches to the Quantitative Description of Liver Function” 
(Amer. Inst. Biological Sci., Washington, D.C., 1958). 
* Dinning, J. 8., J. Biol. Chem., 212, 735 (1955). 


* McCay, P. B., Carpenter, M. P., Kitabchi, A. E., 
Arch. Biochem. Biophys., 82, 472 (1959). 
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Biosynthesis of Glycerides in the Mucosa 
of the Small Intestine 


It is generally agreed that a mixture of free fatty 
acids, glycerol, monoglycerides and diglycerides is 
absorbed by the intestinal cells during digestion of 
fat and that the chyle secreted by these cells contains 
mainly triglycerides'. The present communication 
describes some studies on the biosynthesis of tri- 
glycerides by mitochondrial preparations from the 
mucosa of the small intestine of the rabbit and the rat. 

For the preparation of the mitochondria, the small 
intestine was removed and washed with ice-cold 
potassium chloride (1-3 per cent). The mucosa was 
scraped off, homogenized in 10-15 vol. of ice-cold 
sucrose (0:25 M), and the mitochondrial fraction 
obtained by the usual sedimentation methods?. The 
washed mitochondria were suspended in potassium 
phosphate buffer (0-05 M, pH 7-0). 1-0 ml. of this 
suspension (containing between 1 and 4 mgm. protein 
per ml.) was incubated for 1 hr. at 37°C. with 
palmitic acid labelled with carbon-14 and various 
co-factors (see Table 1). Pure pL-«-glycerophosphate 
and labelled palmitic acid were used in aqueous 
solution as their potassium salts. «-Monostearin and 
«,8-dipalmitin were emulsified with small amounts 
of potassium oleate (0-8 umole per 16 umoles of «- 
monostearin ; 1-2 umoles per 4-0 umoles of «,8-di- 
palmitin). All co-factors were at pH 7-0. 

Reaction was stopped by the addition of 1/10 vol. 
of 50 per cent trichloracetic acid and the precipitate 
washed with water. The lipids were extracted with 


organic solvents and purified on alumina columns. 
The glyceride fractions were taken to dryness and 
counted as described elsewhere’. 

=xperiments 1 and 2 show that «-monostearin, 
«,3-dipalmitin and «-glycerophosphate all stimulated 
the incorporation of !abelled fatty acid into glycerides 





36 
Table 1 
Additions (umoles) Activity 
Exp (disintegrations 

min./test) 
l None® 11,740 
a-monostearin (16)T 1,750 
a-monostearin (16) + all co-factorst 2,515 
a-glycerophosphate (7)t 1,760 
1-glyc2rophosphate (7) + all co-factors 8,100 
a,8-dipalmitin (4)* 1,600 
a,8-dipalmitin (4) + all co-factors 2,120 


; a-glycerophosphate (7)t 1 
1-glycerophosphiate (7) + al! co-factors 3, 
Mas omit only GSH 3,350 
omit only MgCl, 2.1 
omit only CoA 1,7 
omit only ATP 1 


Each system contained : 1-0 ml. of rabbit mitochondrial suspension 
in 0-05 M potassium phosphate buffer, pH 7-0, and 0-6 uM of labelled 
palmitic acid (0-4 we.). After the additions described above, the final 
volume was adjusted to 3-0 ml. with distilled water. Incubation time 
was 60 min. To those systems which did not contain monoglyceride 
initially, 16 «M of a-monostearin in aqueous solution (0-4 ml.) was 
added immediately prior to precipitation with trichloracetic acid. This 
was to act as a carrier for any radioactive lipid formed. 


* Reaction stopped after zero minutes of incubation. This represented 
the level of unchanged labelled palmitic acid coming through the iso- 
lation procedure. This figure varied with each separate experiment, and 
was approximately 0-1 per cent of the original fatty acid added. 
+ This value was taken as the blank for the experiment, and was 
ilmost identical to the activity of the zero time system. 
t ‘Ailco-factors’ refers to the following additions: ATP (5), CoA 
(0-25), GSH (10), MgCl, (10). 
Abbreviations: ATP, adenosine triphosphate ; 
GSH, reduced glutathione. 


CoA, coenzyme A; 


supplemented with adenosine triphosphate, 
A, reduced glutathione, and magnesium 
chloride. «-Glycerophosphate gave an apparently 
greater stimulation than the lower glycerides. This 
could partially be explained by a dilution effect if the 
potassium oleate (added to emulsify the glycerides) 
was incorporated in significant amounts. If the rate 
for this was the same as that for labelled palmitate, 
then the relative rate for a-glycerophosphate to 
a-monostearin (Exp. 1) would be 100 to 30. In 
experiments 2 and 3 (the same mitochondrial sus- 
pension was used in both) the relative rate for 
a-glycerophosphate to «,8-dipalmitin would be 100 
to 64. These ratios do not take into account the 
specific activities of the radioactive glycerides 
synthesized from these precursors. Since the specific 
activity of the triglyceride formed from «-glycero- 
phosphate is three times that from «,$-diglyceride, 
the relative rate for these becomes 100 to 192. 
Furthermore, the lower glycerides might be less avail- 
able than glycerophosphate since they were added 


when 
coenzyme 


as emulsions. 
When a mixture of «-monostear und a-glycero- 
phosphate was added to the system, the incorporation 
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was found to be the same as the sum of that given 
by either separately. 

Experiment 3 shows the need for certain co-factors ; 
there is a definite requirement for adenosine triphos- 
phate, coenzyme A and magnesium chloride, but not 
for glutathione. It is possible that the mitochondria 
can reduce the coenzyme A which had not been re- 
duced before addition. 

The radioactive glycerides formed from «-glycero- 
phosphate were separated on silicic acid columns. 
90 per cent of the radioactive lipids were eluted from 
the columns in the positions where tri- and di-glycerides 
have been shown to come. 

The above results indicate a pathway similar to 
that suggested by Stein, Tietz and Shapiro‘ for the 
synthesis of triglycerides in rat liver mitochondria, 
where «-glycerophosphate and phosphatidic acid are 
precursor and intermediate respectively. Dawson 
and isselbacher described in a report of preliminary 
experiments® the incorporation of fatty acids labelled 
with carbon-14 into neutral fat using homogenates of 
the mucosa of the rat small intestine. They found 
that the incorporation was stimulated by adenosine 
triphosphate, coenzyme A and magnesium ions. 
Buell and Reiser* showed that «-glycerophosphate 
was involved in the biosynthesis of glycerides in sub- 
cellular fractions of the swine small intestine. 

The appreciable incorporation found with mono- 
glyceride would suggest an additional pathway, that 
is, the direct esterification of monoglyceride to 
diglyceride (reaction D). Though the monoglyceride 
might be hydrolysed (£), the phosphorylation of 
glycerol to «-glycerophosphate by adenosine triphos- 
phate (/) does not seem to occur in intestinal ex- 
tracts’. Adenosine triphosphate, coenzyme A and 
magnesium ions are required for the formation of 
activated long-chain fatty acids which participate in 
reactions A, C and D. In the present work, the fatty- 
acyl-coenzyme A synthetase was demonstrated in 
mitochondrial preparations of intestinal mucosa using 
the assay system described by Kornberg and Pricer’. 

Similar studies were carried out using mitochondrial 
preparations from rat intestine; but here it was 
found that «-glycerophosphate did not stimulate the 
incorporation of labelled palmitate to any great 
extent. The relative rates obtained were: «-mono- 
glyceride to «-glycerophosphate, 100 to 10, giving 
further evidence for the occurrence of reaction D. 
There was fourteen times as much alkaline phos- 
phatase (per mgm. protein) in the preparations from 

CH,OCOR CH OCOR 
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rat intestine as in those from the rabbit. The 
relatively low incorporation obtained in the rat with 
a-glycerophosphate might therefore be due to the 
more rapid splitting of this compound to inorganic 
phosphate and glycerol. The glycerol cannot then be 
used for glyceride synthesis*. «-Monostearin, when 
supplemented with adenosine triphosphate, coenzyme 
1, glutathione and magnesium chloride, stimulated 
the incorporation of labelled palmitate to about the 
same extent as in the rabbit. 

A more detailed report of this work will be pub- 
ished elsewhere. 

We wish to thank Prof. A. C. Frazer for his interest 
ind encouragement. We also thank the Medical 
Research Council and the University of Birmingham 
for grants supporting this work. 


B. CLARK 
G. HtsescHer 


Department of Medical Biochemistry 
and Pharmacology, 
University of Birmingham. 

Oct. 16. 
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Presence of Sialic Acid in Connective 
Tissues 


first demonstrated in the sub- 
maxillary gland by Blix! and afterwards in many 
secretions of higher animals—in liver, ovomucin, 
meconium, colostrum, erythrocytes, nervous tissue 
and micro-organisms. Comprehensive reviews on 
acids have been published by Zilliken and 
Whitehouse? and by Blix®. 

The presence of sialic acid in connective tissue has 
not so far been reported. 

In the course of our research on chemical com- 
position of epiphyseal cartilage* and particularly on 
the mucopolysaccharidic components®, the presence 
of this acid in epiphyseal cartilage of young rabbits 
was demonstrated*. We have extended this study to 
other tissues in order to see whether a polysaccharide 
containing sialic acid was present in the ground- 
substance of all connective tissues. 

The tissues were hydrolysed with 0-1 N sulphuric 
acid at 80° C. for 1 hr.; the hydrolysate was filtered 
on a sintered glass filter and chromatographed on 
‘Dowex 2 x 8’ by Svennerholm’s method’; after 
elution with 1 M acetate buffer pH 4-6 the eluate 
was tested by the resorcinol reaction’ and sialic acid 
was identified by the absorption spectrum of the 
chromatie reaction. 

To identify and determine quantitatively the 
sialic acid, we used as standard compound N-acetyl- 
neuramic acid isolated from sheep submaxillary gland 
and kindly supplied to us by Prof. G. Blix. 

The presence of sialic acid was demonstrated in the 
following tissues: epiphyseal cartilage of young pigs 
(1-6 mgm. per gm. fresh tissue), rib cartilage of young 
rabbits (0-6 mgm./gm.), bovine cornea (0-4 mgm./gm.), 
bovine aorta (0-6 mgm./gm.) and bovine dental pulp 


SIALIC ACID was 


sialic 
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(0-6 mgm./gm.); smaller quantities are also present 
in bone and dentin. 

From these results we may conclude that sialic acid 
is a diffuse constituent of the polysaccharidic fraction 
of ground substance in connective tissues. 

We thank Prof. G. Blix for his generous supply of 
N-acetylneuraminic acid. 

A. A. CASTELLANI 
G. FERRI 

L. BOLOGNANI 

V. GRAZIANO 


Institute of Biological Chemistry, 
University of Pavia, Italy. 
Oct. 7. 
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Configuration of Inositol Phosphate 
in Liver Phosphatidy! Inositol 
Tue hydrolysis of synthetic glycerol 1-(inositol 
2-phosphate)'.* has recently been compared with that 


of the glycerylphosphoryl inositol isolated from 
hydrolysates of liver phosphatidyl inositol*. The 


results suggest that the phosphate group in the 
original lipid is attached to the 1- or 2-hydroxyl of 
the myoinositol. Inositol 1l-phosphate should be 
optically active, while inositol 2-phosphate should not. 

Previous work‘ had suggested that the inositol 
monophosphate produced on hydrolysis of ground-nut 
or soya phosphoinositides was optically inactive. It 
was therefore concluded* that phosphatidyl inositol 
has the 2-phosphate structure. However, Pizer and 
Ballou’ have now provided evidence that the inositol 
monophosphate from soya phosphoinositide has a 
small but definite optical activity ([o]?5 + 3-4° for 
the cyclohexylamine salt, —9-8° for the free acid). 
This called for a re-investigation of the earlier results. 

One of the problems in determining the rotation 
of inositol monophosphate from soya lipids is that 
there are contaminating sugar phosphates which are 
strongly dextro-rotatory. A small amount of such 
an impurity could easily mask the low inositol 
monophosphate rotation. The soya inositol mono- 
phosphate, prepared as before’, has therefore been 
purified by passage through three successive ‘Dowex 
1’ columns, two using the formic acid—ammonium 
formate system and one using the sodium borate— 
ammonium formate system*. It was finally crystal- 
lized as a cyclohexylamine salt and shown to be 
optically active. Since the rotation was quite small, 
determinations were made at several different 
wave-lengths. The activity increased considerably 
at lower wave-lengths. Molecular rotation was as 
follows: +12° (600 my), +18° (500 my), —32 
(400 my), —54° (350 my), —89° (300 my). Cal- 
culations are based on the dicyclohexylamine salt. 
Using a similar salt of inositol monophosphate 
produced by enzymic degradation of phytic acid and 
believed to be the 2-phosphate’, values of zero 
(within the error of the instrument) were obtained 
at ali the above wave-lengths. Soya inositol mono- 
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phosphate, as the cyclohexylanune salt, had Cee 
3:1 \ll measurements were made in water. 

lhe soya phosphoinositide therefore seems to have 
an inositol 1l-phosphate structure. We wished to 
confirm this for liver phosphatidyl inositol, which 
may not have the same structure, and so an entirely 
lifferent method was used. Acid or alkaline hydroly 
sis would be expected to produce the same mixture 
f inositol 1- and 2-phosphates whether the original 
lipid had the 1- or 2-structure. By analogy with the 
action of diesterases on polynucleotides, it seemed 
probable that enzymic hydrolysis of phosphatidyl 
inositol would give only one isomer and avoid 
migration problems. An enzyme releasing inositol 
monophosphate from this lipid had already been 
isolated in our laboratory’. Samples of the barium 
salt of inositol monophosphate obtained from the 
enzymic digest were chromatographed on paper in 
6: 3: 1 m-propanol/ammonia/water, after removal of 
barium ions with ‘Zeo-Karb 225’. Inositol l- and 
2-phosphates are separable in this solvent’.’ if the 
papers are not overloaded. Comparison with authen- 


tic 2-phosphate and a mixture of 1- and 2-phosphates 
produced by acid-catalysed migration® showed that 
the enzyme released inositol 1-phosphate. A trace 


of the 2-compound was seen, probably produced 
during the isolation. 

This, together with the evidence from the hydroly- 
sis of synthetic glycerol 1-(inositol 2-phosphate), 
points to the inositol 1-phozphate structure for liver 
phosphatidyl inositol. Hanahan and Brockerhoff!® 
recently studied the periodate oxidation of glyceryl- 
phosphory! inositol and reached the same conclusion. 

4 more detailed account of this work will be 
published elsewhere. 

We are indebted to Dr. W. Klyne of the Post- 
graduate Medical School, London, for the rotatory 
dispersion studies. We wish to thank Prof. A. C. 
Frazer for his continued interest. Miss M. Bason 
provided valuable technical assistance. 

J. N. HAwTHORNE 
_P. Kempe 
R. B. Evurs 
Department of Medical Biochemistry 
and Pharmacology, 
University of Birmingham. 


Davie J. H., and Malkin, T., Nature, 184, 789 (1959). 
} RK. I and Hawthorne, J. N Nature, 184, 790 (1959) 
* Hawthorne, J. N., and Hibscher, G., Biochem. J., 71, 195 (1959) 
lin, B J. Amer. Chem. Soc., 71, 3822 (1949) 
Hawthorne, J. N Biochim. Biophys. Acta, 18, 389 (1955) 


Hawthorne, J. N., and Hiibscher, G., Biochem. J., 72, 10,P (1959), 


zer, F. L., and Ballou, C. E., J. Amer. Chem. Soc., 81, 915 (1959) 
Kemp, P.. Hiibscher, G., and Hawthorne, J. N., Biochim. Biophys 
icta, 31. 585 (1959 
Posternak, T., Helv. Chim. Acta, 42, 390 (1958) 
Hanahan, D. J., and Brockerhoff, H., J. Amer. Chem. Soe., 81: 


Antigen-Antibody in Liquid Two-Phase 
Systems : a Method for studying 
Immunological Reactions 


[ue behaviour of proteins'-*, viruses** and cell 
particles®.® in aqueous polymer two-phase systems 
has recently been described. These phase systems 
consist of water and two water-soluble polymers. 
Mixtures in water of dextran and methylcellulose, or 
dextran and polyethylene glycol, are examples of such 
phase systems. The important characteristic of these 
vstems is their high water content, so that most 
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biochemical substances can be handled in them 
without denaturation. Each protein or virus particle 
is distributed in such phase systems in a characteristic 
manner so that a reproducible partition coefficient is 
found (partition coefficient, K concentration of the 
partitioned substance in the top phase divided by the 
eoncentration of the same substance in the bottom 
phase): The partition coefficient of a particle in a 
given phase system depends mainly on the surface 
property of the particle and its size. The larger the 
size of particle the more unilateral is the distribution. 
Changes in the size of a protein molecule are reflected 
in a change in the partition coefficient. For example, 
the dissociation of Helix pomatia hemocyanin at 
certain pH values may be readily followed by 
rneasuring its partition coefficient in a dextran 

rnethyleellulose system. Other changes in the struc- 
ture of a protein molecule, such as the denaturation 
of serum albumin at low pH values, may cause the 
protein to move from one phase to the other. 

In an immunological reaction the antigen and the 
antibody combine to form a complex which has a 
size larger than either of the reactants and possibly 
also has somewhat different surface properties. It 
was therefore of interest to study such a reaction 
in a two-phase system. The present communication 
describes experiments in which the reaction between 
the protein phycoerythrin and its rabbit antiserum in 
the phase systems dextran—methylcellulose and 
dextran—polyethylene glycol has been studied. Phyco- 

rythrin was chosen as an antigen because it is 
coloured and can easily be measured by its strong 
light absorption at 540 mu. In addition, its behaviour 
in the phase system has been previously studied in 
detail®.*. 

A typical experiment in the dextran—polyethylen 
glycol system was carried out in the following way 
0-5 ml. of an antigen solution and 1 ml. of diluted 
antiserum, both dialysed against 0-1 M phosphat« 
buffer pH 6-8, were mixed and allowed to stand 
at room temperature for 1 hr. A mixture was then 
added which contained dextran (‘Dextran 500° from 
Pharmacia, Uppsala, Sweden) and _ polyethylene 
glycol (‘Carbowax 6000’, from Carbon and Carbide 
Chemicals, U.S.A.), and phosphate buffer pH 6-8, 
in such proportions that, after mixing with the 
antigen—antibody solution, the concentration in dex 
tran was 7 per cent w/w, polyethylene glycol 4-4 per 
cent w/w and the phosphate buffer 0-1 M. Mixing 
was then accomplished by inverting the tubes several! 
times. Blanks containing antigen + normal sera and 
antigen only were run in parallel. The tubes wer« 
allowed to stand 2 hr. for phase separation. 

In the dextran—polyethylene glycol system with 
0-1 M phosphate buffer pH 6-8, phycoerythrin 
is distributed in favour of the top phase with 
K-value of about 5 while y-globulin is distributed 
in favour of the bottom phase with a K-value 0 
about 0-3. Thus the major portion of the antige 
and the antibody when separate go to differen 
phases in this system. 

It could then be observed that in those tube 
which contained antigen and antibody together, a 
red-coloured precipitate had collected at the interfac: 
This occurred even in those tubes where the antigen 
was present in excess, that is, when the same propor 
tion of antigen—antiserum mixed without the phas« 
system did not show a precipitate. Thus, the presen 
of soluble antigen-antibody complexes had beer 
visualized by a precipitation at the interface. Norma 
serum did not affect the distribution of the antigen. 


SVst 
anti 
were 
, 
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I Immunological reaction between a constant amount of 
oerythrin (0-5 ml. with H(1 em., 540) =2-16) and its rabbit 
rum in a two-phase system of dextran and polyethylene 
g lat room temperature (filled circles), and by ordinary precip- 
itin tests at room temperature (open circles) and at + 37°C, 
. For the phase system tests the reduction in the extinc- 
the top phase in per cent of the extinction of the top phase 


blank is plotted as the ordinate. For the ordinary precipitin 
the amount of antigen precipitated by centrifugation as a per- 
centage of the total antigen is plotted as the ordinate 
In order to estimate the amount of antigen pre- 
cipitated at the interface, samples were drawn from 
the top phase, diluted with half their volumes, and 
the extinction at 540 mp. was measured. A reduction 
in the extinetion indicates that antigen had preci- 
pitated, and this was expressed in per cent of the 
antigen in the blank containing no serum. Fig. 1 
shows the result of such an experiment. 
When a study was made of the effect on the immun- 


ological reaction of dextran or polyethylene glycol at 
the same concentrations as in their respective phases, 
it was found that they increased the precipitation in 
the tubes containing excess antigen. It is therefore 


probable that in the dextran—polyethylene glycol 
the adsorption of precipitate at the interface 
s almost entirely due to a decreased solubility of the 
antigen-antibody complex in the phases. However, 
the fact that one part of the complex, the antigen, has 
more affinity for the top phase and that the other part, 
the antibody, has more affinity for the bottom phas 
possibly contribute also toward increasing the 
adsorption of the complex at the interface. 

\n experiment in the dextran—methylcellulose 
was carried out in the following way. 0-2 ml. 


systen 


Hay 


SVster 


antigen and 0-8 ml. antiserum at different dilutions 
were xed and allowed to stand at room temperature 
for 2 hr A polymer mixture containing dextran 


(dextran with a limiting viscosity number of 0-68 dl. 
1 ind methyleellulose (‘Methocel 4000’, from Dow 


Chemical Co., U.S.A.) in such proportions that after 
the addition to the antigen-antibody mixture a 
concentration in dextran of 0-64 per cent (w/w) and 
a entration in methylcellulose of 0-56 per cent 
w/w) was obtained. The final system also contained 
0-15 M sodium chloride and 0:01 M_ phosphate 
buf pH 6-8. This pliase system is similar to 
B of ref. 1 but contains a smaller bottom 
pha 


In the dextran—methyleellulose system both phyco- 


thrin and y-globulin are separately distributed 
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rather evenly, although slightly in favour of the bot- 
tom phase (K value about 0-9)'. In this system it was 
found that protein molecules and virus particles are 
distributed mainly according to their surface areas‘. 
The appearance of the tubes containing antigen and 
antibody together was as follows. In the tubes with 
the largest amounts of antiserum a precipitate had 
fallen to the bottom of the tube. These tubes con- 
tained antigen and antibody in such proportions that 
when they were mixed in the absence of the phase 
system a precipitate was also formed. When antigen 
was in excess no precipitate was observed, but almost 
all the colour was in the bottom phase. In the 
presence of normal serum the colour was evenly 
distributed. Thus, the formation of soluble antigen 
antibody complex had been visualized, in this system, 
by a unilateral distribution of the antigen colour. 
The extinction of the top phase was measured as 
described above, and in Fig. 2 the reduction of the 
extinctions is expressed in per cent of the extinction 
of the blank containing antigen and normal serum. 
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Fig. 2. Immunological reaction between a constant amount 
of phycoerythrin (0-2 ml. with E(1 cm.,540) = 5-0) and its rabbit 
antiserum in a two-phase system of dextran and methylcellulose 
at room temperature (filled circles) and by ordinary precipitin 
tests at room temperature (open circles). The ordinates are 
plotted as in Fig. 1 

The two polymers, dextran or methylcellulose, did 
not themselves have any effect on the immunological 
reaction when they were present in the same concen- 
trations as in their respective phases. 

It is therefore that the unilateral 
distribution of the antigen is in a large part due to 
the size of its complexes with the antibody. According 
to previous findings, large protein molecules such as 
hemocyanin and virus particles have a_ rather 
uneven distribution in the dextran—methylcellulose 


probable 


system used here',‘. 

Figs. 1 and 2 show that an increased sensitivity in 
measuring the antigen—antibody reaction in the 
antigen excess region has been achieved by both 
these systems. It is therefore suggested that aqueous 
polymer phase systems may be used with advantage 
in the study of immunological reactions, particularly 
those which do give rise to a precipitate in 
ordinary tests. 

We wish to thank Prof. 
ulating interest in this work. It 
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Presence of Metanephrine and 
Normetanephrine in Normal Human 
Urine 


In 1957, Axelrod repurted that epmepnrine and 
norepinephrine were O-methylated at the C-3 position, 
giving metanephrine (3-O-methylepinephrine) and 
normetanephrine (3-O-methylnorepinephrine), respec- 
tively. in the rat'; in addition, he found that these 
compounds were normally excreted in rat urine*. 
The excretion of normetanephrine in the urine of 
humans with pheochromocytoma has also been 
reported*. More recently, the importance of the 
pathway for 3-O0-methylation of epinephrine has been 
confirmed in man‘. This report concerns the iden- 
tification of metanephrine anc normetanephrine of 
endogenous origin in the urine +i normal human males. 

Preliminary attempts to isolate these compounds 
were not successful because free metanephrine and 
normetanephrine are present in smal] amounts and 
are labile. Since the major portion of these meta- 
bolites was found to be excreted in a conjugated 
form, the conjugates were isolated by chromatography 
m ion-exchange resin’, freed by hydrolysis, and 
dentified. 

A tracer amount (less than 0-018 uM) of a conjugate 
of tritiated metanephrine sulphate (3-O-methyl-7-*H- 
epinephrine-4-O-sulphate), prepared biosynthetically, 
was added to 100 ml. portions of five individual urine 
specimens from normal human males; this amount 
of *H-metanephrine sulphate was too small to give 
spots on the chromatograms. These specimens were 
filtered and chromatographed on | 10 em. columns 
of ‘Dowex Il’, acetate form. Distilled water (200 ml.) 
and 3-100 ml. portions of 0-2 N acetic acid were 
passed through each of the columns; the effluent 
was collected in 100 ml. fractions. 

The radioactivity was eluted in the 0:2 N acetic 
wid fractions ; these fractions from each individual 
column were combined and lyophilized. The resulting 
residues were redissolved in water. No substances in 
these urine extracts gave the phenolic reactions of 
metanephrine or normetanephrine prior to hydrolysis. 
Aliquots from the concentrated solutions of urine 
extracts were hydrolysed by heating with 1 N 
hydrochloric acid in a water bath at 37° C. for 48 hr. 
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Approximately 2 per cent of each of the hydrolysed 
extracts was chromatographed on Whatman No. | 
filter paper in four different solvent systems : 
(a) n-butanol/glacial acetic acid/water (80 : 20 : 20) ; 
(b) éso-propanol/7 N ammonia (80: 20); (c) benzene/ 
propionic acid/water (40 : 40 : 20), and (d) n-butanol/ 
iso-propanol/15 N ammonia (80:30:20). The 
urinary metabolites gave colour reactions with diazo- 
tized sulphanilic acid, diazotized para-nitroaniline 
and N-2,6-trichloro-p-quinoneimine that were iden- 
tical with authentic metanephrine and normeta- 
nephrine. 

The colour reactions, migration on paper chromato- 
grams, and behaviour on ion exchange resins indicat« 
that endogenous metanephrine and normetanephrine 
are excreted by normal human males in the absenc 
of pheochromocytoma or of administration of 
exogenous epinephrine. The metabolites are excreted 
mainly as conjugates; detailed evidence to b« 
presented elsewhere indicates that these are sulpho 
conjugates in humans. Although much valuabk 
information has been obtained by analysis of urinary 
epinephrine and norepinephrine, these compound 
represent only a small percentage of the total endo 
genous production. Since urinary metanephrine arn 
normetanephrine, free and conjugated, and 3% 
methoxy-4-hydroxymandelic acid represent the majo 
portion of exogenous, and presumably endogenous, 
epinephrine and norepinephrine!.?.*, analysis of thes: 
O-methylated metabolites appears to offer promis 
of a more valid estimate of endogenous production 0! 
these important hormones. 

We wish to thank Dr. Julius Axelrod and In 
Seymour S. Kety for many helpful discussions durin 
the course of this study. 
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ANIMAL PHYSIOLOGY 


Reserpine and the Levels of Serotonin 
and Norepinephrine in the Brain 


As an outgrowth of the results obtained in a 
number of laboratories, there appeared an explanation 
for the effect of reserpine which was based on the 
existence of reduced levels of serotonin and norepin 
phrine in the brain at a time when no réserpine wi 
detectable’. Most of these methods suffered fro: 
the experimental use of massive doses of reserpine 
which rendered the animal quite immobile. Subs 
quent work, using much lower doses of reserpi’ 
labelled with tritium and carbon-14, demonstrat«d 
that reserpine was present in the brains of guinca 
pigs at an unchanging concentration over the entire 
period of observable pharmacological effects’. From 
these investigations it was not possible to demonstrate 
any correlation between the intensity of effect of the 
drug and its concentration in the brain. With these 
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HOURS DAYS 


1. Changes in levels of brain serotonin and catecholamine 
he guinea pig at various times after a subcutaneous injection 
1 mgm./kgm. of reserpine. —@— catecholamines; 

- -C , serotonin 


fa in mind it was decided to determine if the 
changes in the levels of brain serotonin and/or 
norepinephrine could be correlated with the observ- 


able pharmacological effects. 

\s in the experiments with the labelled reserpine, 
the drug was administered subcutaneously at a dose 
of 0-1 mgm./kgm. to female guinea pigs weighing 
approximately 300 gm. The animals were killed by 
decapitation at the times shown in Fig. 1. The values 
in the graphs represent the average from 8 animals, 
except in the case for 2- and 3-day norepinephrine 
analyses, which are derived from 12 animals. Cate- 
cholamine analyses were carried out on ether-washed 
trichloraecetic acid extracts according to Weil- 
Malherbe and Bone’s method’, and using a Klett 
fluorimeter. Careful adjustment of pH was necessary 
bef addition of the tissue extracts to alumina 
columns. Serotonin was measured by Bogdanski’s 
method‘, using an Aminco spectrophotofluorimeter. 
min. after the injection of reserpine, the 


animals showed no gross drug effects and brain 
serotonin-levels did not vary statistically from control 
val Catecholamine-levels, however, showed a 
74 per cent increase over controls. After 2 hr. 
th iimals began to show signs of drug action in 
the form of a very mild ptosis. Serotonin-levels 
decreased by about 16 per cent and catecholamine- 
levels had returned essentially to control values. 
The pharmacological effects increased in intensity, 
30 that after 4 hr. the ptosis had become more 
severe and miosis was evident. Serotonin-levels had 
by this time reached 50 per cent of control values. 

% hr. after injection, the gross pharmacological 
offe had reached maximum intensity, while 
serotonin- and catecholamine-levels did not change 
ir he previously measured value. The effects of 
the drug began to decrease in intensity, so that after 
two days almost all the symptoms had disappeared. 


\t this time the serotonin-levels had not changed 
icantly from the 4-hr. value, while the cate- 
cholamine-levels had begun to fall, reaching 79 per 
of control values. After three days, the 
catecholamine value had fallen to 72 per cent of 
rols, and by seven days was essentially back to 
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control-levels. This fall after two and three days, 
as well as the rise after. 20 min., were found to be 
highly significant at the 1 per cent level, as determined 
by analysis of variance and the D. B. Duncan 
multiple range test’ (we wish to thank Mrs. H. D. 
Slywestrowicz for the statistical analyses of the 
results). 

Heart catecholamines increased by 29 per cent in 
20 min. and 45 per cent in 2 hr. and then fell to 
control values at 8 hr. These levels continued to fall, 
reaching 50 per cent of controls by 24 hr. and 
remaining there for seven days. Spleen catechol- 
amines also showed the increase at 20 min., reaching 
almost twice the control values. 

These results constitute the first demonstration of 
a rise in catecholamine content following the admin- 
istration of reserpine. By the use of selective filters 
and different times and heats of reaction during the 
condensation of catecholamine with ethylenediamine, 
it was established that epinephrine contributed little 
if any to the fluorescence which developed. While 
some of this fluorescence is undoubtedly due to 
dopamine, it had been shown that the concentration 
of this catecholamine was also reduced by large doses 
of reserpine’. 

In any event, these results have shown that the 
changes in the levels of catecholamines and serotonin 
following reserpine do not necessarily occur in the 
same direction or to the same degree. In addition, 
they demonstrate that under the conditions of the 
experiment, where a pharmacological rather than a 
toxicological dose was administered subcutaneously, 
the intensity of the gross observable effects of reser- 
pine could not. be correlated with the levels of amines 
in the brain. It is also apparent that neither the 
changes in amine-levels nor the intensity of drug 
effect could be correlated with the concentration of 
reserpine in these brains*. Until it becomes possible 
to understand the manner in which these amine-levels 
are maintained, it will be difficult to describe the 
manner in which they are altered by drugs. It may 
be necessary to look at mechanisms other than release 
of amines to explain adequately the scope of action 
of this potent alkaloid. 
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Effect of Inorganic Sulphate on 
Molybdenum Excretion by a Marsupial 


Dick and Bull' published the first record of a 
copper—molybdenum interaction in sheep and cattle 
in which copper stored in the liver is reduced by 
increasing molybdenum intake. Later, Dick? showed 
that inorganic sulphate has to be ingested with 
molybdenum before this element can exert a limiting 
effect on the storage of copper in the liver of sheep. 
Afterwards, Wynne and McClymont* found that it 
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was possible to produce experimental hypocuprosis 
by feeding penned sheep intake levels of copper, 
molybdenum and inorganic sulphate of the same 
order as those which occur naturally in pastures of 
New South Wales, where sheep develop hypocuprosis. 
Spaist has described a similar ‘induced’ copper 
deficiency in flocks of sheep grazing on coastal areas 
of Thessalonika, Greece, where food plants have 
normal copper but high molybdenum and inorganic 
sl iphate levels. 

The quokka, Setonix brachyurus, Quoy and Gaimard, 
is found in a natural population on Rottnest®, a small 
island 12 miles west of Fremantle, composed of wind- 
blown sand (zxolionite). Following the work of 
Moir et al.*, who showed that the quokka has 
ruminant-like digestion, it was decided to embark on 
a project to determine whether trace-element defi- 
ciencies played any part in the biology of the animal 
on the island, because, due to their origin, the soils 
were likely to be deficient, especially in copper and 
cobalt. Furthermore, it had been found that some 
animals showed a marked seasonal anemia which 
has since been documented by Shield’. 

\nalysis of the plants eaten by the quokka on 
Rottnest has shown that copper-levels are extremely 
low (usually less than 3 p.p.m. on a dry-weight basis), 
molybdenum-levels are moderate (up to 8 p.p.m. 
dry-weight basis) and inorganic sulphate-levels are 
high (up to 2-3 per cent on a dry-weight basis). 
Che first experimental step was to determine the 
of inorganic sulphate on the excretion of 
An experiment similar to that used 
Two pairs of 


effect 
molybdenum. 
by Dick* on sheep was carried out. 
adult male quokkas, placed separately in metabolism 
ages, were given food and water ad lib. and a 24-hr. 
collection of urine was made. At the end of this 
period, blood samples were taken. The animals were 
then given a daily drench of ammonium molybdate ; 
the total daily intake of molybdenum of each animal 
from the food and drench was 600 ugm. At the end 
of a. week a 24-hr. collection of urine and a blood 
sample were taken from each animal. One animal of 
each pair was then given a'drench of ammonium 
sulphate containing 1-25 gm. sulphate and the other 
a drench of ammonium chloride containing the same 
amount of chloride. Daily drenching with molybdate 
was continued and blood and urine collection was 
taken for the two following 24-hr. periods. All 
samples were analysed for copper and molybdenum 

The results of an analysis of variance were onl, 
significant (P < 0-01) for the changes in blood and 
urine molybdenum which occurred after drenching 
Table 1 shows that in both 


with inorganic sulphate. 


Table 1. CHANGES IN BLOOD MOLYBDENUM-LEVELS AND TOTAI 
MOLYBDENUM EXCRETED IN THE URINE INDUCED BY A SINGLE DOSE 
OF INORGANIC SULPHATE 
I lotted line indicates the time of drenching with sulphate and 
chloride solutions) 


blood Urine 
Urine molyb- Blood molyb- Urine 
volume | denum | copper | denum | copp* 
(ml.) (ugm (ugm (total (total 
mil.) mil.) pgm.) pwgm 
Day 0 248 0-05 0-66 1-9 73 
Sulphate Day 7 201 0-20 0-70 | 560 6°5 
group Day 8 182. 0-08 0-64 141-0 8-4 
Day 9 139 0-11 0-65 56-0 68 
Day 0 201 0-04 0-57 4-1 7°3 
; Day 7 135 0°17 0-66 90-0 4-3 
Chioride : - 
group Day 8 215 0-20 0-69 77-5 6-1 
Day 9 141 0-16 0-68 89-2 7:1 
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groups the mean molybdenum-levels of whole blood 
rose after drenching with molybdate solution for one 
week. Drenching with sulphate caused a decrease in 
whole-blood molybdenum-levels to pre-treatment 
levels in 24 hr. and there was a corresponding increase 
in the total excretion of molybdenum in the urine 
for this period. Drenching with chloride had no 
effect on the excretion of molybdenum in the urine. 
Blood copper-levels and total copper excreted in the 
urine of both groups of animals remained unchanged. 
There was no significant increase in urine volume in 
the sulphate group after drenching with ammonium 
sulphate or in the chloride group after drenching 
with ammonium chloride 

The results indicate that inorganic sulphate has an 
effect on molybdenum excretion in the quokka 
similar to that in the sheep. 

An experiment to test the 
increased intake-levels of molybdenum and inorganic 
sulphate on blood copper-levels and the storage of 
copper in the liver of the quokka is at present being 
carried out. Preliminary results show that an 
intake-level of molybdenum and inorganic sulphate 
comparable to field-levels at Rottnest, exert a depres 
sing effect on blood copper-levels. This work will 
be published on completion. 

I am indebted to Mr. C. A. P. Boundy, 
wealth Scientific and Industrial Research Organiza 
tion, Division of Mathematical Statistics, for statisti 
cal analyses; to Mr. A. B. Beck, Commonwealt] 
Scientific and Industrial Research Organization 
Division of Animal Health and Production, for 
technical advice, and to Mr. C. J. Geeves for technica 


long-term effect of 


Common 


assistance. 

The work reported is part of a programme o1 
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Research Grants Committee of Western Australia 
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Minimum Dose of Diethylstilbcestrol 

required to stimulate the Phagocytic 

Activity of the Reticulo-Endothelial 
System 


DIETHYLSTILBESTROL has been reported previou 
by Nicol et al.'.4 to have a strong stimulative action 
on the phagocytic activity of the reticulo-endothelial 
system, and various steroids having high cestroge: 
icity have also been shown to have a similar action’. 
The present research was planned to determine the 
of diethylstilbcestrol required to 


minimum dose 


stimulate the reticulo-endothelial phagocytes and to 
ascertain its relationship to the cestrogenic potential 
of the substance. 
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The present experiments were carried out on 
75 male white mice (7'.O. Swiss strain) of 20-28 gm. 
body-weight. Groups of five animals were used for 
testing the various doses of diethylstilboestrol. All 
the animals of each group received one subcutaneous 
dose of diethylstilbcestrol in 0-05 ml. of arachis oil 
daily for six days. The doses of diethylstilbcestrol 
ranged from 1 x 10-*§ mgm. to 0-6 mgm. On the 
eighth day after the commencement of the treatment 
the phagocytic activity was measured by the rate 
of disappearance of a known amount of carbon from 
the circulating blood‘, the procedure used being that 
described in previous communications?*, and the 
total body phagocytic activity or phagocytic index 
being denoted by the symbol K. 

I'wenty of the animals were used as controls and 
were given 0-05 ml. arachis oil once daily for six days ; 
the phagocytic activity was then measured on the 
eighth day by the carbon method referred to above. 
lhe arachis oil controls showed an average phagocytic 
index or K value of 15 + 0-5. 

The results of the different doses of diethyl- 
stilbeestrol used are shown in Table 1. Compared 
the control values, it can be seen that definite 
stimulation of phagocytic activity does not occur 
until the daily dose of diethylstilbcestrol rises to 
0-1 mgm. Thereafter, although stimulation is main- 
tained, it does not increase in proportion to the dose. 
In contrast, the dose necessary to induce cestrus is 
0-001 mgm. The minimum dose required to stimulate 
the reticulo-endothelial phagocytes is therefore about 
100 times greater than the cestrogenic potential of 


wit] 


the substance. 





Table 1. EPFECT OF GRADUAL INCREASE OF DOSE OF DIETHYL- 
STILBESTROL ON THE PHAGOCYTIC ACTIVITY OF THE RETICULO- 
ENDOTHELIAL SYSTEM 


Diethylstilberstrol Phagocyticindex | Percentage changt 


laily dose 10-* mgm.) K value) in body-weight 
l 20 2-1 6°8 
10 10 1-3 5-9 
100 21 2-9 5-2 
1 10° 16+ 18 11-6 
1 x 10* 28 1-7 14°3 
1 x 10° 89 13-2 2-0 
2 10° 68 21 18-5 
3 x 10 67 + 7:7 11-6 
4x 10 141 33 8-5 
5 10° 96 +11°5 13-0 
6 105 103 19 10-5 
Ar s oil controls in 20 
animals 15 0-5 


It is also of interest to note the effect of increasing 
doses of diethylstilbcestrol on the body-weight of the 
Generally, small doses increasing to 0-1 
mgm. are accompanied by a gain in weight, but with 
doses above this level the animals constantly lose 
weight. 


animals. 
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Sept. 23. 


N l T , Helmy, I. D., and Abou-Zikry, A., Brit. J. Surg., 40, 166 
2) ll 


\icol, T., Bilbey, D. L. J., and Ware, C. C., Nature, 181, 1538 (1958) 
Bilbey, D. L. J., and Nicol, T., Nature, 182, 674 (1958). 


‘| ti, G., Benacerraf, B., and Halpern, B. N., Brit. J. Exp. Path., 
34 441 (1953). 


NAT 


URE 43 


Fall in Hzmatocrit in Sheep after 
Treatment with Chlorpromazine and 
Dihydroergotamine 

It was recently shown! that the jugular hematocrit 
of sheep often fell considerably (by as much as 2 
per cent of the initial value, mean 12 per cent) 
when the animals were isolated from alarming 
environmental stimuli, or were subjected to gentle 
restraint (‘holding’) and soothing for 15-30 min., 
and that it fell regularly and to an even greater 
extent (up to 39 per cent of the initial value, mean 

30 per cent) during anesthesia by pentobarbi- 
tonum. Evidence was obtained that these phenomena 
are a consequence of splenic relaxation, passive 
filling of the spleen, and segregation therein of an 
increased fraction of the total red cell mass in a state 
of dynamic equilibrium with the circulating blood. 
The remarkable fall in hzematocrit after ‘holding’, 
which we view as emotional or psychological tran- 
quillization leading to diminution of the sympatho- 
adrenal flux from the cerebral cortex, suggested that 
this might also occur as a result of pharmacological 
tranquillization by means of ataractic agents. 

This has proved to be so. Intravenous injection of 
chlorpromazine (0-46—-0-:7 mgm./kgm.) was followed 
by rapid hematocrit fall, reaching within 60 min. 
minimum values which were 30 per cent less than 
the initial value and followed by gradual return to 
pre-injectional levels after some hours. Plasma 
specific gravity changes indicated that plasma 
dilution through water shift accounted for a small part 
of the hematocrit fall; when hematocrits were 
adjusted to eliminate the contribution of this factor 
it was found that the relative numbers of circulating 
erythrocytes in the jugular blood fell by 26 per cent. 
In splenectomized sheep erythrocytes in the jugular 
blood fell by only 3-4 per cent. Furthermore, in a 
sheep prepared on the previous day with ®*'Cr-marked 
red cells, hematocrit fall and gradual return, follow- 
ing injection of chlorpromazine, were mirrored by 
reciprocal increase and gradual return of gamma- 
radiation surface counts over the splenic region. 
It therefore appears that the hematocrit fall in 
intact sheep after chlorpromazine is due mainly to 
increased retention of red cells in the spleen. 

Chlorpromazine was shown to inhibit hematocrit 
rise after adrenaline or noradrenaline intravenous 
injection. Inhibition was also demonstrated after 
previous intravenous injection of ‘Dibenamine’ 
(20 mgm./kgm.); but this adrenergic-blocking agent 
caused only a minor (3 per cent) decrease of hamato- 
crit. On the other hand, after intravenous injection 
of dihydroergotamine (14—168 ugm./kgm.), with which 
inhibition of hematocrit rise after the two sympatho- 
mimetic catechol amines was also demonstrated, 
hematocrit fell quickly and profoundly (up to 24 
per cent decrease), whereas in a splenectomized sheep 
injection of 1,680 ngm./kgm. was followed by a trivial 
fall (3 per cent decrease). However, this substance 
is known to have marked central effects?.? in addition 
to its adrenergic-blocking effects, whereas the adren- 
ergic-blocking activity of ‘Dibenamine’ is more 
specific and it has little central effect*. Furthermore, 
intravenous injection of pentobarbitonum sodium, 
which prevents sympatho-adrenal discharge by 
blocking nervous impulses within the central nervous 
system‘, was followed by moderate but slow hemato- 
crit fall (progressive 10-12 per cent decrease within 
3 hr.) when given in a dose (10 mgm./kgm.) sufficient 
to cause mild sedation accompanied by muscular 
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inco-ordination. It therefore appears that the splenic 
relaxation in sheep after chlorpromazine may be due 
mainly to central effects, and predominantly to its 
ataractic properties, causing emotional indifference 
to otherwise alarming environmental stimuli, rather 
than to direct adrenergic-blocking effects within the 
spleen. 

Fall in hematocrit (18 per cent decrease) and its 
virtual abolition by splenectomy was also demon- 
strated in sheep after intramuscular injection of 
mepazine (2-3 mgm./kgm.). The hematocrit fall after 
chlorpromazine injection reported in dogs® is doubt- 
less also due to increased retention of red cells in 
the dilated spleen. This effect of chlorpromazine and 
mepazine, and probably of many other tranquillizing 
drugs, may be expected in many animals in which the 
red-cell storage function of the spleen is important. 


A. W. TURNER 
V. Evrzaseta HopGetts 


Division of Animal Health and Production, 
Commonwealth Scientific and Industrial 
Research Organization, 
Animal Health Research Laboratory, 
Parkville, Victoria. 

Turner, A. W., and Hodgetts, V. E., Aust. J. Exp. Biol. Med. Sci., 37 
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* Rosenblueth, A., and Cannon, B., Amer. J. Physiol., 105, 373 (1933). 
Pharmacol. Rev., 11, 443 (1959). 
Vet. Rec., 69, 734 (1957). 


* Nickerson, M., 
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PLANT PHYSIOLOGY 


Auxin-induced Methylation in Maize 

[ue transfer of methyl groups from methionine 
to the hot-water-soluble fraction of Avena coleoptile 
cell walls is increased by indoleacetic acid (LAA)'. 
Unlike most effects of indoleacetic acid, this increase 
occurs even when all expansion is osmotically pre 
vented. Thus this process appears to be directly 
controlled by auxin and may constitute a portion 
of the mechanism whereby auxin induces elongation. 
if this were so, it would be expected that auxin 
would influence this transfer in all tissues which show 
an auxin-growth response. Maize coleoptile and 
mesocotyl tissues have now been examined for the 
presence of auxin-induced methylation. 
, {vena coleoptile sections for use as controls were 
obtained in the manner of Ordin et al.'. Sections of 
maize coleoptile and mesocotyl were obtained as 
follows. Maize seedlings were germinated in moist 
sand and allowed to grow in the dark for about 
90 hr. Mesocotyls of 2-5-3-5 em. in length were 
hen selected and one 5-mm. section was excised from 
each mesocotyl using a double-bladed cutter. The 
apical incision was 1 mm. below the node. Coleoptiles 
of 1-5-2-0 em. in length were selected at the same 
time and a 5-mm. section was excised after removal 
of the apical 3 mm. The central leaves were removed 
from’ the coleoptile sections of Avena and maize. 
Each experimental treatment contained sufficient 
material to give about 10 mgm. dry cell wall. All 
manipulations were carried out under a weak red 
ght 

Sections were incubated in 0-0025 M potassium 
maleate solutions (pH 4-8), + 5 p.p.m. indoleacetic 
acid. The methyl donor used was methionine-methy] 
labelled with carbon-14 (Amersham, 0-145 mc./mgm.) 
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Table 1. Tus Errect OF AUXIN ON THE TRANSFER OF METHYL 
GROUPS FROM METHIONINE-"“*C TO WALL PECTIN OF VARIOUS TISSUES 
Methionine Growth- | MeOH-*C/ 
admin- Time rate 5p.p.m.| 10 mgm. 
| Material istered (hr.) IAA/ | IAA cell wall 
(e.p.m.) | control (c.p.m.) 
Avena 3°55 x 10° 5 25 | 1,145 
coleoptile | | | 620 
Maize 129 x 10° 4 | 2-1 | | 3,210 
coleoptile | | | 2,010 
Maize 3°85 x 10°; 20 | 20 | 1,930 
mesocotyl } | 1,945 


in a concentration of 2-3 x 10°°M. At the end of 
the incubation period, the amount of saponifiable 
methyl groups in the hot-water-soluble pectin was 
determined using the methods of Ordin e¢ al.'. 

The results are shown in Table 1. An auxin 
treatment causes an increase in the transfer of methyl! 
groups from methionine to wall pectin in maize 
coleoptiles as well as in Avena coleoptiles. No such 
increase Occurs in maize mesocotyls even though 
growth is doubled by auxin. The lack of auxin- 
effect may mean that transfer of methyl groups to 
hot-water-soluble pectin is not a necessary part of the 
mechanism of auxin-induced growth. Alternatively, 
since it is known that other substrates such as 
formaldehyde can furnish the methy! groups to pectin 
(Sato, C., unpublished work), this result may only be 
a reflexion of a marked preference of maize meso- 
cotyls for some substrate other than methionine as 
the source of pectin methyl groups. 

This work has been carried out in the laboratory 
of Prof. T. A. Bennet-Clark at the Botany Depart 
ment, King’s College, London, and has been supported 
by post-doctoral fellowship CF-7341-C from the 
National Cancer Institute, United States Publi: 
Health Service. I wish to express my appreciation 
to Prof. Bennet-Clark for his help and encouragement 
and to Mrs. M. W. Ware for advice on methods of 
obtaining maize coleoptile and mesocotyl sections. 


ROBERT CLELAND 


Department of Botany, 
University of California, 
Berkeley. 


* Ordin, L., Cleland, R., and Bonner, J., Proe. U.S. Nat. Acad, Sci 
41, 1023 (1955). 


Certain Mitotic Effects of Kinetin, Gibberellic 
Acid, Indoleacetic Acid, and Maleic 
Hydrazide on the Root of Allium cepa 


TREATMENT of intact roots of Allium cepa wit! 
kinetin (6-furfurylaminopurine) has been reported by 
Guttman! to cause an increase in the rate of division 
of the cells of the root tip. She found a simila: 
stimulatory activity of kinetin in promoting division 
of Paramecium caudatum?. 

Guttman made her studies of Allium cepa roots o1 
random fields of squash preparations. The following 
is a report of similar studies in which the counts o 
mitotic figures were made on serial longitudina 
sections of the root tips. The results indicate 
markedly inhibitory effect on mitosis when kinetin i 
applied to intact roots in the same manner and i: 
similar concentrations. 

Table 1 shows the mean number of mitotie figure 
present in all tissues of the distal 5 mm. of the roo 
tip, in 10-u sections from the centre of five root 
which had been treated with 1 p.p.m. and wit! 
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Table 1. MEAN NUMBERS OF MITOTIC FIGURES PRESENT IN ALL TISSUES OF THE DISTAL 5 MM. OF Allium cepa ROOTS TREATED WITH GROWTH- 


REGULATING SUBSTANCES. VALUES REPRESENT 


Days Control K GA IAA MH 
I 
1 p.p.m. 
l 17-1 3-1 10°3 5:8 76 
2 16-5 5-0 14-2 9-0 10-1 
; 18°6 1-5 14-6 15-4 5-2 
4 18°83 2°3 18-5 24-6 2-0 
5 19-8 79 26-9 27-7 2-2 
7 17-0 6-4 18°3 19-9 1-8 
[ 10 p.p.m. 
l } 17-4 5:1 | 14-7 ] 5-6 4:1 
2 | 16-0 2°3 70 0-7 3:7 | 
3 175 0-2 2-4 0-1 0 | 


THE MEANS OF 20 CENTRAL SECTIONS 10u THICK 


K+GA K+IAA K+MH | GA+IAA;) GA+MH IAA +MH 


2-9 0 0:3 76 5-0 3°7 
39 4 9-1 8-5 5:8 6-4 
5-2 5-6 6-5 7°83 7:7 3°83 
8-1 6°38 72 14°8 6°38 6-0 
so | 7:3 6-1 21-8 1 5-0 
13-8 | 1-1 1-6 26-0 1 -6 0 
4°5 ! 3°83 | 8°3 5 3°2 ! 3°5 
1-1 1-4 2-7 2-0 1-3 0 
0 16 | 0-5 0-2 1:3 ) 


K, Kinetin ; GA, gibberellic acid ; IAA, indoleacetic acid ; MH, maleic hydrazide 


1) p.p.m. kinetin for the times indicated in Table 1. 
The value given is the average of twenty counts for 
each treatment. 

Roots were also treated with 1 p.p.m. and with 
10 p.p.m. gibberellic acid, and with similar concen- 
trations of indoleacetic acid and maleic hydrazide, 
as well as with combinations of all of these in all 
possible pairs. Results are summarized in Table 1. 

In their review of the literature on the gibberellins, 
Stowe and Yamaki? listed no studies of the effect of 
cell division on intact roots, but it has recently been 
shown to stimulate cell division in shoots (for example, 
Sachs and Lang‘). In the present investigation, 
roots treated with gibberellic acid showed initial 
depression of mitosis followed by an after-effect of 
stimulation of mitosis. The pattern of mitotic 
activity was similar to but not so pronounced as 
that seen after treatment with indoleacetic acid. 
The effects of indoleacetic plus gibberellic acids were 
not additive, however. At 10 p.p.m., gibberellic was 
inhibitory to mitosis and after 3 days the roots 
appeared dead. 

toots treated with indoleacetic acid at a concen- 
tration of 1 p.p.m. show inhibition of their longi- 
tudinal growth for about 3 days, during which time 
the characteristic bulbous swelling or ‘c-tumour’ is 
produced just proximal to the root tip. After about 
3 davs, elongation of the root is resumed, and some 
workers have noted that the rate of elongation may 
then exceed that of control roots (for example, 
Thimann‘).° In the present work it was found that 
mitotic activity exactly paralleled this characteristic 
response in the rate of total elongation of the root. 
Initially there was inhibition of mitosis, followed by 
a return to the level of the control at about 3 days. 
At 5 days, during the time when there is stimulation 
of gross elongation, the number of mitotic figures 
seen also exceeded that of the control. At 10 p.p.m., 
indoleacetic acid markedly inhibited mitosis, and 
there was no later release from the inhibition. After 
3 days the roots appeared dead. 

Interactions of indoleacetic acid with each of the 
other substances used here have been reported. No 
consistent reversal or enhancement of the initial 
effect of indoleacetic acid was seen here, but only 
when this acid was combined with gibberellic acid 
was the tendency to an after-effect of stimulation 
seen. 

Maleic hydrazide has been reported to reverse the 
effect of indoleacetic acid in various test reactions 
(for example, Leopold and Klein*). In the present 
work it was always inhibitory, and it did not reverse 
the action of any of the auxin-like substances used. 

Some workers have reported the presence of mitotic 
aberrations in plant material treated with maleic 
hydrazide, whereas others have not found them. 


McLeish’ found no chromosome breaks after treat- 
ment of onion root tips with maleic hydrazide, and 
Greulach and Atchison* found no mitotic aberrations 
in onion root tips so treated. In the root tips treated 
with 10 p.p.m. maleic hydrazide in the present 
investigation, about one-third of the mitotic figures 
seen showed aberrations, including fragmentation 
and changes which gave the chromosomes a beaded 
appearance. 

Clowes® has suggested that there is a ‘quiescent 
centre’ in the area of the apical initials of some roots, 
in which the cells normally rarely or never divide. 
[It was noted here that mitotic figures were very rare 
in the centre of the apical initial area of Allium cepa. 


M. ANNUNCIATA MCMANUS 


Department of Biology, 
Mount Mercy College, 
Cedar Rapids, Iowa. 

March 30. 
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RADIOBIOLOGY 


Isolation of Radioactive Vitamin B,, 
from Incubation Mixtures containing 
Glycine-2-'*C and Turkey Liver 
Homogenates 


STUDIES carried out with tracer techniques indicate 
that «-carbon of glycine gives rise to a single-carbon 
moiety at the oxidation-level of formaldehyde and 
this combines with «-carbon of another molecule of 
glycine to give rise to serine’. However, no free 
formaldehyde per se but formic acid has been isolated 
from the reaction mixtures containing liver homo- 
genates, glycine-2-“C or serine-3-“C?%, Both in 
vitro and in vivo experiments, compounds of the type 
of hydroxymethyltetrahydrofolic acid are produced 
from glycine and seriné‘.® and this is strong indirect 
evidence for the formation of formaldehyde from 
a-carbon of glycine or 8-carbon of serine. 

Vitamin B,, appears to be involved in the biosyn- 
thesis of serine from glycine* in turkey liver homo- 
genates and also reacts with formaldehyde to form 
complexes én vitro’. 
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inco-ordination. It therefore appears that the splenic 
relaxation in sheep after chlorpromazine may be due 
mainly to central effects, and predominantly to its 
ataractic properties, causing emotional indifference 
to otherwise alarming environmental stimuli, rather 
than to direct adrenergic-blocking effects within the 
spleen 

Fall in hematocrit (18 per cent decrease) and its 
virtual abolition by splenectomy was also demon- 
strated in sheep after intramuscular injection of 
mepazine (2-3 mgm./kgm.). The hematocrit fall after 
chlorpromazine injection reported in dogs® is doubt- 
less also due to increased retention of red cells in 
the dilated spleen. This effect of chlorpromazine and 
mepazine, and probably of many other tranquillizing 
drugs, may be expected in many animals in which the 
red-cell storage function of the spleen is important. 


A. W. TURNER 
V. EvtzaBetH HODGETTS 


Division of Animal Health and Production, 
Commonwealth Scientific and Industrial 
Research Organization, 
Animal Health Research Laboratory, 
Parkville, Victoria. 
? Turner, A. W., and Hodgetts, V. E., Aust. J. Exp. Biol. Med. Sci., 37 
n the press). 
* Nickerson, oy Pharmacol. Rev., 1, 27 (1949). 
* Rosenblueth, A., and Cannon, B., Amer. J. Physiol., 105, 373 (1933) 
* Nickerson, M., Pharmacol. Rev., 11, 443 (1959). 
Hoe, C. M., and Wilkinson, J. S., Vet. Rec., 69, 734 (1957). 


PLANT PHYSIOLOGY 


Auxin-induced Methylation in Maize 


[ue transfer of methyl groups from methionine 
to the hot-water-soluble fraction of Avena coleoptile 
cell walls is increased by indoleacetic acid (LAA)! 
Unlike most effects of indoleacetic acid, this increase 
occurs even when all expansion is osmotically pre 
vented. Thus this process appears to be directly 
controlled by auxin and may constitute a portion 
of the mechanism whereby auxin induces elongation. 
If this were so, it would be expected that auxin 
would influence this transfer in all tissues which show 
an auxin-growth response. Maize coleoptile and 
mesocotyl tissues have now been examined for the 
presence of auxin-induced methylation. 
ivena coleoptile sections for use as controls were 
obtained in the manner of Ordin et al.'. Sections of 
maize coleoptile and mesocotyl were obtained as 
follows. Maize seedlings were germinated in moist 
sand and allowed to grow in the dark for about 
90 hr. Mesocotyls of 2-5-3-5 em. in length were 
then selected and one 5-mm. section was excised from 
each mesocotyl using a double-bladed cutter. The 
apical incision was 1 mm. below the node. Coleoptiles 
of 1-5-2-0 em. in length were selected at the same 
time and a 5-mm. section was excised after removal 
of the apical 3 mm. The central leaves were removed 
from the coleoptile sections of Avena and maize. 
Each experimental treatment contained sufficient 
material to give about 10 mgm. dry cell wall. All 
manipulations were carried out under a weak red 
ight 

Sections were incubated in 0-0025 M potassium 
naleate solutions (pH 4-8), + 5 p.p.m. indoleacetic 
acid. The methyl donor used was methionine-methy] 
labelled with carbon-14 (Amersham, 0-145 mc./mgm.) 
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Table 1. Tue Errect OF AUXIN ON THB TRANSFER OF METHYL 
GROUPS FROM METHIONINE-"“C TO WALL PECTIN OF VARIOUS TISSUES 


j j 
Methionine Growth- | MeOH-"*C/ 

| admin- Time rate 5p.p.m. | 10 mgm. 
| Material | istered (hr.) [AA/ IAA | cell wall 
| | (e.p.m.) | control (¢.p.m.) 
Avena 3°5 10° 5 25 1,145 

coleoptile | | | | | 620 

Maize }29 x 10°) 4 | 2-1 | 3,210 

coleoptile | | | | 2,010 

Maize 3°85 x 10° 20 | 20 1,930 

mesocotyl | | 1,945 


in a concentration of 2-3 x 10°°M. At the end of 
the incubation period, the amount of saponifiable 
methyl groups in the hot-water-soluble pectin was 
determined using the methods of Ordin et al.'. 

The results are shown in Table 1. An auxin 
treatment causes an increase in the transfer of methy] 
groups from methionine to wall pectin in maize 
coleoptiles as well as in Avena coleoptiles. No such 
increase occurs in maize mesocotyls even though 
growth is doubled by auxin. The lack of auxin- 
effect may mean that transfer of methyl groups to 
hot-water-soluble pectin is not a necessary part of the 
mechanism of auxin-induced growth. Alternatively, 
since it is known that other substrates such as 
formaldehyde can furnish the methyl groups to pectin 
(Sato, C., unpublished work), this result may only be 
a reflexion of a marked preference of maize meso- 
cotyls for some substrate other than methionine as 
the source of pectin methyl groups. 

This work has been carried out in the laboratory 
of Prof. T. A. Bennet-Clark at the Botany Depart 
ment, King’s College, London, and has been supported 
by post-doctoral fellowship CF-7341-C from the 
National Cancer Institute, United States Publi: 
Health Service. I wish to express my appreciation 
to Prof. Bennet-Clark for his help and encouragement 
and to Mrs. M. W. Ware for advice on methods of 
obtaining maize coleoptile and mesocotyl sections 


ROBERT CLELAND 


Department of Botany, 
University of California, 
Berkeley. 
* Ordin, L., Cleland, R., and Bonner, J., Proe. U.S. Nat. Acad. Sci 
41, 1023 (1955). 


Certain Mitotic Effects of Kinetin, Gibberellic 
Acid, Indoleacetic Acid, and Maleic 
Hydrazide on the Root of Allium cepa 

TREATMENT of intact roots of Allium cepa wit! 
kinetin (6-furfurylaminopurine) has been reported by 
Guttman! to cause an increase in the rate of division 
of the cells of the root tip. She found a simila: 
stimulatory activity of kinetin in promoting division 
of Paramecium caudatum?. 

Guttman made her studies of Allium cepgq roots o1 
random fields of squash preparations. The followin 
is a report of similar studies in which the counts o 
mitotic figures were made on serial longitudina 
sections of the root tips. The results indicate 
markedly inhibitory effect on mitosis when kinetin i 
applied to intact roots im the same manner and ir 
similar concentrations. 

Table 1 shows the mean number of mitotie figur: 
present in all tissues of the distal 5 mm. of the roo 
tip, in 10-u sections from the centre of five root 
which had been treated with 1 p.p.m. and wit 
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Table 1. 
REGULATING SUBSTANCES. 


Days Control K GA IAA MH 
1 p.p.m. 
l 17:1 3-1 10°83 5-8 76 
2 16°5 5-0 14-2 9-0 10:1 
18-6 1-5 14-6 15-4 5:2 
4 18°38 2-8 18-5 24-6 2-0 
5 19°8 79 26-9 27-7 2-2 
7 17-0 6-4 18°3 19-9 1-8 
f 10 p.p.m. 
l 17-4 | rl | 14-7 6 4 
2 16-0 | 2-3 7-0 7 37 
3 |} 175 0-2 2-4 0-1 0 


K, Kinetin ; GA, gibberellic acid ; 
1 p.p.m. kinetin for the times indicated in Table 1. 
The value given is the average of twenty counts for 
each treatment. 

Roots were also treated with 1 p.p.m. and with 
10 p.p.m. gibberellic acid, and with similar concen- 
trations of indoleacetic acid and maleic hydrazide, 
as well as with combinations of all of these in all 
possible pairs. Results are summarized in Table 1. 

In their review of the literature on the gibberellins, 
Stowe and Yamaki? listed no studies of the effect of 
cell division on intact roots, but it has recently been 
shown to stimulate cell division in shoots (for example, 
Sachs and Lang‘). In the present investigation, 
treated with gibberellic acid showed initial 
depression of mitosis followed by an after-effect of 
stimulation of mitosis. The pattern of mitotic 
activity was similar to but not so pronounced as 
that seen after treatment with indoleacetic acid. 
The effects of indoleacetic plus gibberellic acids were 
not additive, however. At 10 p.p.m., gibberellic was 
inhibitory to mitosis and after 3 days the roots 
appeared dead. 

toots treated with indoleacetic acid at a concen- 
tration of 1 p.p.m. show inhibition of their longi- 
tudinal growth for about 3 days, during which time 
the characteristic bulbous swelling or ‘c-tumour’ is 
produced just proximal to the root tip. After about 
3 days, elongation of the root is resumed, and some 
workers have noted that the rate of elongation may 
then that of control roots (for example, 
Thimann’). In the present work it was found that 
mitotic activity exactly paralleled this characteristic 
response in the rate of total elongation of the root. 
Initially there was inhibition of mitosis, followed by 
a return to the level of the control at about 3 days. 
At 5 days, during the time when there is stimulation 
of gross elongation, the number of mitotic figures 
seen also exceeded that of the control. At 10 p.p.m., 
indoleacetic acid markedly inhibited mitosis, and 
there was no later release from the inhibition. After 
3 days the roots appeared dead. 

Interactions of indoleacetic acid with each of the 
other substances used here have been reported. No 
consistent reversal or enhancement of the initial 
effect of indoleacetic acid was seen here, but only 
when this acid was combined with gibberellic acid 
was the tendency to an after-effect of stimulation 


seen 


roots 


exceed 


Maleic hydrazide has been reported to reverse the 
effect of indoleacetic acid in various test reactions 
(for example, Leopold and Klein*). In the present 
work it was always inhibitory, and it did not reverse 
the action of any of the auxin-like substances used. 

Some workers have reported the presence of mitotic 
aberrations in plant material treated with maleic 
hydrazide, whereas others have not found them. 
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MEAN NUMBERS OF MITOTIC FIGURES PRESENT IN ALL TISSUES OF THE DISTAL 5 MM. OF Allium cepa ROOTS TREATED WITH GROWTH- 
VALUES REPRESENT THE MEANS OF 20 CENTRAL 


K + 


IAA, indoleacetic acid ; 
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SECTIONS 10u THICK 


GA j K+IAA j K+MH _GA+IAA/} GA+MH IAA +MH 
2-9 0-8 0°38 76 5-0 3°7 
3-9 4-8 9-1 8-5 5:3 6-4 
5-2 5-6 6°5 7°38 7°7 3°8 
8:1 6°38 72 14:8 6°8 6-0 
8-9 | 7-3 6-1 21°8 8-1 5-0 
13°8 | ee 1-6 26-6 1-6 0 

5 ! 3-8 8-3 3°5 3-2 3°5 
1-1 1-4 2-7 2-0 1-3 0 
0 1-6 | 0-5 0-2 1:3 0 


MH, maleic hydrazide 


McLeish’? found no chromosome breaks after treat- 
ment of onion root tips with maleic hydrazide, and 
Greulach and Atchison’ found no mitotic aberrations 
in onion root tips so treated. In the root tips treated 
with 10 p.p.m. maleic hydrazide in the present 
investigation, about one-third of the mitotic figures 
seen showed aberrations, including fragmentation 
and changes which gave the chromosomes a beaded 
appearance. 

Clowes® has suggested that there is a ‘quiescent 
centre’ in the area of the apical initials of some roots, 
in which the cells normally rarely or never divide. 
It was noted here that mitotic figures were very rare 
in the centre of the apical initial area of Allium cepa. 


M. ANNUNCIATA McMANUS 


Department of Biology, 
Mount Mercy College, 
Cedar Rapids, Iowa. 

March 30. 


* Guttman, R., Chromosoma, 8, 341 (1956). 
*? Guttman, R., and Back, A., Nature, 181, 852 (1958). 
Stowe, B. B., and Yamakai, T., Ann. Rev. Pl. Physiol., 8, 181 (1957). 
Sachs, R. M., and Lang, A., Science, 125, 1144 (1957). 
®* Thimann, K. V., Amer. J. Bot., 24, 407 (1937). 
* Leopold, A. C., and Klein, W. H., Physiol. Plantarum, 5, 91 (1952). 
’ McLeish, J., Heredity (Supp.), 6, 125 (1953). 
* Greulach, V. V., and Atchison, E., Bull. Torrey Club, 77, 
*Clowes, F. A. L., J. Exp. Bot., 7, 307 (1956). 
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RADIOBIOLOGY 


Isolation of Radioactive Vitamin B,, 
from Incubation Mixtures containing 
Glycine-2-"C and Turkey Liver 
Homogenates 


Srup1gs carried out with tracer techniques indicate 
that «-carbon of glycine gives rise to a single-carbon 
moiety at the oxidation-level of formaldehyde and 
this combines with a-carbon of another molecule of 
glycine to give rise to serine’. However, no free 
formaldehyde per se but formic acid has been isolated 
from the reaction mixtures containing liver homo- 
genates, glycine-2-“C or serine-3-"C 2,3. Both in 
vitro and in vivo experiments, compounds of the type 
of hydroxymethyltetrahydrofolic acid are produced 
from glycine and serine*.® and this is strong indirect 
evidence for the formation of formaldehyde from 
a-carbon of glycine or 8-carbon of serine. 

Vitamin B,, appears to be involved in the biosyn- 
thesis of serine from glycine* in turkey liver homo- 
genates and also reacts with formaldehyde to form 
complexes én vitro’. 
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INCORPORATION OF RADIOACTIVITY FROM GLYCINE AND SERINE INTO FORMALDEHYDE AND VITAMIN B,, 


Table 1. 


Specific activity Vitamin By, 
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| 
Total formalde- Specific activity Total activity of 


A mino-acid (c.p.m./m.mole) added Incubation time methone isolated | of H“CHO isolated vitamin B,, 
( 10*) (mgm.) (hr.) (mgm.) (c.p.m./m.mole) (c.p.m./mgm.) 
Glycine-1-'*€ 3-6 20 4 33 | 0 0 
Glycine-2-"C 3-5 20 18 25 3,250 | 10 
3-5 0 18 26 | 2,520 
Glycine-2-"™ 23 20 12 16 1,950 x 
2-3 0 12 32 1,200 
Serine-3-'( 5-2 20 4 32 2.200 1 


| 


The production of free formaldehyde from glycine 
in reaction mixtures containing turkey liver homo- 
genates has been investigated and an attempt has 
been made to confirm the formation of vitamin 
B,,-formaldehyde complexes from these reaction 
mixtures, 

Turkey poults fed diets deficient in vitamin B,, 
were killed at the age of 3 weeks and their livers were 
homogenized in cold conditions and frozen. An 
approximately known volume was used in each 
experiment. The buffer, pH 7-6, contained 11-98 gm. 
crystalline disodium hydrogen phosphate and 1 -02 gm. 
potassium dihydrogen phosphate per litre. Serine 
(DL-serme-3-"C) with an activity of 929 uc./m.mole 
was obtained from Nuclear, Chicago, Ill. The 
dimedon solution contained 0-4 gm. dimedon (5,5- 
dimethyl-1,3-cyclohexanedione) per 100 ml. water. 
Glycine-2-"C with an activity of 1 mc./m.mole was 
obtained from Research Specialities Co., Berkeley, 
Calif. Glycine-1-“C had an activity of 1-59 mce./ 
m.mole and was supplied by New England Nuclear 
Corp., Boston, Mass. 1 ml. of 37 per cent form- 
aldehyde solution was diluted to 50 ml. with water ; 
semicarbazide solution, 0-4 per cent in water; gly- 
cine and serine solutions, 20 mgm./ml. ; trichloracetic 
acid, acetic acid and sodium hydroxide solutions, 
10 per cent. 

The method used for the isolation of formaldehyde 
was essentially the same as described by Frisell and 
Mackenzie*. Each of the two flasks used in these 
experiments contained the following solutions : 2 ml. 
buffer, 0:5 ml. inactive glycine, 3 ml. radioactive 
glycine, | ml. formaldehyde and | ml. semicarbazide 
One of the flasks also contained 20 mgm. vitamin B,,. 
Then 2 ml. of liver homogenate was added and flasks 
were covered with ‘Parafilm’. After incubation at 
room temperature for 4-18 hr., 6 rnl. of trichloracetic 
acid solution was added to each flask and the solutions 
were filtered through Whatman filter paper No. 42. 
The protein on the filter paper was further washed 
with 5 per cent trichloracetic acid solution until 
practically free from the colour of vitamin B,,. The 
solution was neutralized with sodium hydroxide 
solution, using an internal or external indicator as 
necessary, and again made just acidic with acetic 
acid solution. The solutions were filtered again; 
25 ml. of dimedon solution was added to each flask 
and kept overnight in the refrigerator when formalde- 
methone separated out (mol. wt. 292). This was 
filtered, washed with water and recrystallized from 
dilute alcohol after treatment with carbon to a 
constant activity. 

In this way, experiments were tried with glycine-1- 
MC, glycine-2-"C and serine-3-™"C, 

Vitamin B,, was isolated from the solutions after 
filtration of formaldemethone essentially by the 
method of Fantes et al.*. ‘Norit’ carbon was used to 


adsorb vitamin B,, and the carbon was washed with 
200-300 ml. of water and then with 50 ml. of 2 per 
cent phenol solution and again with water. 


Vitamin 


B,, was eluted from carbon with hot 65 per cent 
ethanol. The alcoholic solution was concentrated 
under reduced pressure, and residue was diluted with 
50 ml. water and again adsorbed on ‘Norit’ carbon. 
The washing of ‘Norit’ and elution of vitamin B,, 
was repeated. The alcoholic solution was again 
evaporated to dryness under reduced pressure and 
the residue was dissolved in the minimum amount of 
water and acetone was added until a _ turbidity 
appeared. The solution was left in freezer overnight 
and crystals of vitamin B,, were obtained. Crystal- 
lization of vitamin B,, was repeated three more 
times. 

Vitamin B,, was dissolved in dilute alcohol and 
streaked as a band on Whatman filter paper No. 
2MM ; glycine and serine were also spotted on thx 
paper and it was chromatographed for 48-72 hr. in 
ascending butanol/acetic acid/water, 4:1:1. After 
drying the paper, the section of it containing glycine 
or serine was sprayed with ninhydrin and developed 
The amino-acids moved far ahead of vitamin B, 
and sections of paper corresponding to vitamin B, 
were cut and eluted with water. The eluate was 
evaporated in polyethylene planchets and _ th 
radioactivity was determined. 

Samples of formaldemethone were converted to 
carbon dioxide by wet combustion, precipitated as 
barium carbonate, filtered on filter paper disks and 
counted under a windowless gas flow counter. Proper 
corrections were made for self-absorption. 

In some cases, the samples were plated in infinitely 
thin layers on polyethylene planchets and counted 
No correction was made for self-absorption. 

Preliminary experiments were carried out in which 
vitamin B,, was allowed to react with glycine-1-"C, 
glycine-2-“C and formic acid in absence of any liver 
homogenates. The procedure has been reported 
earlier’. In no case was any radioactivity found to 
be associated with vitamin B,,. This observation is 
in sharp contrast to the reaction of formic acid with 
tetrahydrofolic acid, where formyltetrahydrofolic acid 
is obtained. 

Vitamin B,, isolated from reaction mixtures con- 
taining glycine-2-“C, or serine-3-"C, vitamin B,, and 
liver homogenates was found to be radioactive 
(Table 1). No radioactivity was associated with 
vitamin B,, incubated with glycine-1-C and liver 
homogenates. 

Glyeine-1-™“C is metabolized to yield labelled carbon 
dioxide and this is not exchanged with any ‘carbon 
of vitamin B,,. For this reason, the vitamin B,, 
isolated from the reaction mixture was non-radio- 
active. 

On the other hand, glycine-2-'C and serine-3-"C 
both yield labelled formaldehyde, as is clear from 
Table 1, where the specific radioactivities of form- 
aldehyde isolated are given. Previous workers had 
failed to obtain any free formaldehyde because it 
might be easily oxidized to formic acid. The addition 
of some inactive formaldehyde helped to trap radio- 
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formaldehyde produced. If no liver homogenates 
were used, about 69 mgm. of formaldemethone was 
isolated. But with liver homogenates about 32 mgm. 
of this compound was isolated; the remaining 
formaldehyde must have been oxidized. 

Also, formaldehyde isolated from the reaction 
mixtures containing vitamin B,, appeared to be 
slightly more radioactive than without it. This 
radioformaldehyde may have combined with vitamin 
B,, to give vitamin B,,-formaldehyde complexes. 
That radioactivity in vitamin B,, was not due to any 
chance contamination with amino-acids was proved 
by paper chromatography. 

No definite information can be given about the 
molar ratios of vitamin B,, and formaldehyde in these 
complexes. In studies with glycine-2-"“C, each mole 
of vitamin B,, appears to be in combination with 4 
or more moles of labelled formaldehyde. This 
calculation is based on a molecular weight of vitamin 
B,, of 1,356. But the ratio for the complex isolated 
from serine-3-"C studies is very different. Here 
2 moles of vitamin B,, appear to be in combination 
with 1 mole of labelled formaldehyde. 

rhe isolation of vitamin B,,-formaldehyde com- 
plexes both in vitro and in present experiments 
suggests that these should be further investigated 
with respect to any role in serine—glycine inter- 
conversions. 

We are indebted to the U.S. Public Health Ser- 
for a grant (C-3992) which enabled us to 
carry out this study. ‘Thanks are also due to Merck 
Sharp and Dohme, Rahway, N.J., and Chas. Pfizer 
and Co., Inc., Terre Haute, Ind., for the gifts of 
ervstalline vitamin By». 
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A Pitfall in High Specific Activity Tracer 
Studies 


[N experiments on the effects of radiation on the 
process of deoxyribonucleic acid synthesis in mam- 
malian cells it was noted that, in some systems, 
apparent ‘radiosensitivity’ of the synthetic process 
varied with the amount of isotopic ‘label’ adminis- 
te red. 

Ehrlich ascites 
in a medium of 


cells were washed and resuspended 
50 per cent supplemented Hank’s 
solution and 50 per cent human serum (107 cells 
per ml. medium). Half the culture vessels served as 
controls and the other half received 2,000 rads of 
: 250 kV. X-rays. Immediately after radiation, 
tritium-labelled thymidine was added to the vessels 
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as follows: (1) one half of each group, control and 
irradiated, received 0-5 yuc./ml. of specific activity 
360 uc./umole; (2) the other half 5-0 yue./ml. of 
specific activity 36 uc./umole, that is, the total amount 
of thymidine, was increased from 10-* umole in (1) to 
10-1 umole in (2) per culture vessel. All the vessels 
were then incubated at 37° C. for 2 hr. At the end of 
the incubation period smears were made for high- 
resolution autoradiography and grain counting over 
500 labelled cells; alternatively, planchettes were 
prepared for counting total radioactivity of washed 
cells'?, All experiments were performed with 
quadruplicate samples. 

Under the above conditions, a regular depression 
of the average grain count or total radioactivity of 
the cells was noted in the first group, the depression 
being 50-53 per cent of the control value, while in 
the second group, the depression was rarely signifi- 
cant, the maximum depression being 12 per cent of 
the control value. 

It was concluded, therefore, that irradiated Ehrlich 
ascites cells may release deoxyribonucleic acid pre- 
cursors which are capable of diluting the added label. 
The dilution to 50 per cent of 10-* umole of tritium- 
labelled thymidine indicated a release of compounds 
equivalent to 10-* umole of thymidine : if the released 
compound was thymidine, this would correspond to 
about 1—2 per cent of the deoxyribonucleic acid 
thymidine content of 10’ cells. 

No such pool dilution was noted with human bone 
marrow cells in vitro, nor (in preliminary experiments) 
with mouse thymus cells in vivo. These investigations 
caution workers against the indiscriminate use of 
‘true tracer amounts’ of labelled materials, against 
the use of high specific activity thymidine in particu- 
lar, unless previous studies have established the 
absence of a pool dilution effect. 

These experiments were supported by a grant from 
the Medical Research Council. One of us (R. J. B.) 
is British-American Exchange Fellow of the American 
Cancer Society. 

EK. HELL 
R. J. BERRY 
L. G. LAJTHA 
Radiobiology Laboratory, 
Department of Radiotherapy, 
Churchill Hospital, Oxford. 
Oct. 16. 
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BIOLOGY 


Control of African Wild Animals 


In the past the control of wild animals, where 
these conflicted with human interests, has been 
through destruction, and the rate of destruction has 
increased greatly in recent years. The possibility of 
the virtual elimination of the wild ungulates from 
Africa is a matter for concern if only on the following 
grounds : (1) The value of these animals as providers 
of meat under a system of game management and 
selective cropping. (2) The as yet unassessed effect 
of the disruption of the natural balance on soil and 
flora, especially with regard to erosion, desiccation and 
increase in bush density. (3) The danger of extinction 
of species and sub-species. (4) The value of these 
animals as a tourist attraction. 
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We have become interested in developing effective 
techniques for transporting animals to areas where 
the conflict between man and animal is less acute, 
and where their chances of survival are greater. 
Prolonged attempts over the years to catch adult 
animals in appreciable numbers by driving, netting 
and trapping have failed. 

Drugs have been used successfully for catching 
wild deer in the United States' for the purposes of 
study. This technique has been extended to African 
species to mark them in order to study changes in 
population, growth-rates and movement-patterns. 
Considerable success in this direction has led us 
to use the method as a preliminary stage in pilot 
experiments for moving animals to other areas. This 
work is creating much interest in other parts of 
\frica and abroad, and demands for information have 
induced us to publish this early report. 

An immobilizing drug is delivered to the animal 
by a variety of means, and injected intramuscularly. 
Following capture a tranquillizing drug is then 
administered before the effects of the first drug have 
worn off. Transport of the animal then follows. 

Most of our results have been obtained using 
succinyl choline chloride as the immobilizing agent, 
and Table 1 shows the doses employed. 


Table 1 EFFRCTIVE DOSES OF SUCCINYL CHOLINE CHLORIDE 
= ——— 


Mgm./kgm No. of animals 
Species body-weight effectively | 
Male Female immobilized 

0-35 0-35 50 
(apprcx.) 

3 


idenota kob thomasi 


Giraffa camelopardal(s 0-20 0-17 : 
rothschildi (in two doses given 
at 30 min. intervals) 

Equus greviyi 0-19 2 

Kobus defassa ugand 0°35 3 
iicelaphus buselaphus 

lelwel 0-30 - I 

Diceros bicornis — 0-13 

bicornis (must be given in 


neck region) 





Small-scale trials have been made in transporting 
kob (antelope) from the Lugari area, where the sole 
remaining herd of Kenya kob now exists, and black 
rhinoceros from the Makindu area, where land is 
to be reclaimed from bush. Very shortly we hope 
to make a similar pilot experiment to move some 
of the few remaining Rothschild giraffe (only about 
200 of which are in existence in the world) out cf 
the farming area where they now reside to marginal 
grazing land in West Suk. 

Much more work is required before this method can 
be applied on a large scale. As with most drugs 
producing paralysis, the margin between the effective 
and lethal doses is small. We are investigating a wide 
range of drugs in order to determine the rnost suitable 
for a given species. With improved techniques in the 
delivery of drugs and their administration, new 
opportunities for scientific research and practical wild 
life management will develop. Although killing of 
animals must continue under systems of cropping and 
a degree of control work by shooting will continue to 
be necessary, it is hoped that the methods of immobil- 
izing and transporting animals that are being evolved 
will contribute materially to the preservation and 
proper use of wild life in Africa. 

We are indebted to the members of the Uganda 
and Kenya Game Departments for their co-operation 
and provision of equipmert, Palmer Chemical and 
Equipment Co., Ltd., for gifts of equipment, and 
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Messrs. Burroughs Wellcome, Ltd. (East Africa), for 
donation of the succinyl choline chloride. 
H. K. BUECHNER 
Department of Zoology, 
State College of Washington, 
Pullman, Washington, U.S.A. 
A. M. HARTHOORN 
Department of Physiology, 
Faculty of Veterinary Science, 
Makerere College, 
Kampala, Uganda. 
J. A. Lock 
Department of Pharmacology, 
Faculty of Medicine, 
Makerere College, 
Kampala, Uganda. 
Oct. 3. 


* Crockford, J. A., Hayes, F. A., Jenkins, J. H., and Feurt, 5. D 
Trans. North Amer. Wildlife Con., 22, 579 (1957). 


Inactivation of Acid Phosphatase in 
Human Prostatic Homogenates in vitro : 
Role of Calcium 


In the course of metabolic experiments carried out 
on homogenates prepared from fresh human aden- 
omatous prostates, we have observed that incubation 
of such homogenates at 37° C. and pH 7 in ¢ris buffer 
containing calcium chloride (0-02 M) resulted in a 
rapid loss of phosphatase activity averaging 44 per 
cent after 3 hr. in 32 experiments. When adenosine 
triphosphate (0-015 M) was added at the beginning 
of the incubation period, the loss of activity was 
reduced to an average value of 5 per cent under the 
same experimental conditions. Addition of adenosine 
triphosphate during or at the end of the incubation 
period resulted in complete regeneration of the acid 
phosphatase activity on further incubation (Fig. 1). 
We have observed also that adenosine triphosphate 
could be replaced by sodium diphosphate or ethyl- 
enediamine tetraacetic acid (versene) with identical 
results. 

Loss of acid phosphatase activity did not occur or 
was minimal in prostatic homogenates prepared 
without the addition of calcium chloride. 

These experiments indicate that calcium ions 
reversibly inactivate the acid phosphatase activity 
of incubated human prostatic homogenates. Rever- 
sal of the process occurred when calcium ions were 
removed by the addition of phosphate or other 
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Fig. 1. Effect of adenosine triphosphate on inactivation of acid 
phosphatase 
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calcium-binding compounds. This fact, which 
apparently has not been described up to the present, 
should be taken into account in the evaluation of 
fluctuations of acid phosphatase in human serum, 
whether these fluctuations are spontaneous or 
sseciated with certain forms of therapy. 

This work was supported, in part, by Grant No. 
DRG-264 A(T) from the Damon Runyon Memorial 
lund for Cancer Research, Inc., New York, and by 
the ‘Fondation Christiaens’, Brussels (Belgium). 


H. J. TAGNON 
A. STEENS-LIEVENS 


Department of Medicine and 
Clinical Investigation, 
Institut Jules Bordet, 

Centre Anticancéreux de 
l’Université de Bruxelles. 
Oct. 15. 


Influence of Ejaculation Frequency on the 
Time required for Sperm Formation 
and Epididymal Passage in the Bull 


RECENT experiments have shown that in bulls 
injected with radioactive phosphate (phosphorus-32), 
18-50 days elapse from the moment of injection to 
the time when radioactive phosphorus appears in the 
deoxyribonucleic acid of ejaculated spermatozoa}. 
This is the period of time required for the formation 
spermatozoa in the testes and their passage 
through the epididymides. The purpose of the present 
study was to ascertain whether and to what extent 
this period can be influenced by varying the frequency 
of ejaculations. 

Three bulls (‘18’, / and Ph) were used for the 
experiments, all of the Red Danish milk breed. 
Labelled phosphate was administered intramuscu- 
larly, the dose varying from 5 to 20 uc. phosphorus-32 
per kgm. body-weighc. Semen was collected by 
means of an artificial vagina. Throughout the experi- 
mental periods as well as during the extended periods 
preceding and following each experiment the semen 
was examined for sperm concentration, motility, and 
the presence of abnormal forms. No deviation from 
the normal semen picture was encountered in any 
of the injected animals. The fraction containing 
deoxyribonucleic acid was separated from the 
ejaculated spermatozoa using a modification of the 
Schmidt-Thannhauser method* and analysed for 
phosphorus content and radioactivity. The experi- 
mental periods were of 100-130 days duration. 

The first series of experiments was carried out on 
bull ‘18’ which in the previously reported investiga- 
tion? was used at a rate of two ejaculations a week. 
This bull was injected with phosphorus-32 on Novem- 
20, 1957. During a period of 45 days prior to 
the injection no ejaculates had been collected, thus 
lowing ample time for the establishment of a proper 
reserve of sperm in the epididymides. Single ejacu- 
lates were collected on days 13, 43, 47 and 50 after 
the injection. The first labelled deoxyribonucleic acid 
was encountered in the spermatozoa ejaculated on 
the fiftieth day. Then, on May 1, 1958, the same 
bull was injected again. However, during a period 
of 40 days prior to this injection the bull had been 
subjected to very frequent semen collections so as 
to deplete the epididymal store as much as possible. 
Maximal sperm output was also maintained during 
the actual experimental period by collecting the 
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semen almost every day. Nevertheless, the first 
semen sample to contain sperm with labelled deoxy- 
ribonucleic acid was that obtained 48 days after the 
injection of radioactive phosphate. 

The second series of experiments was carried out 
on bulls F and Ph, mainly to find out if age of the 
animal or season of the year can influence the time 
required for sperm formation and maturation. 

For a period of 14 months preceding the actual 
experiments, bulls F and Ph had been subjected to 
collections at a rate of 2-3 a day and 1 a week, 
respectively. Phosphorus-32 was injected to both 
bulls on November 5, 1958, and then again 76 days 
later. The rate of collections during the experi- 
mental period of 105 days after the first injection 
was the same as during the pre-experimental period. 
On the one hundred and sixth day after the first 
injection, that is, on the thirtieth day after the second 
injection, the collection procedures were reversed, 
that is, from now onwards bull Ph was used for col- 
lection 2—3 times daily, while bull / was used only 
once a week. Moreover, just prior to the time when 
this reversal was instituted the sperm reserve of Ph 
was quickly depleted by performing on the animal 
an exhaustion test in the form of 14 rapidly succeed- 
ing collections. Table 1 illustrates the ejaculation 
schedule followed for the bulls F and Ph. 


Table 1. EJACULATION SCHEME FOR THE BULLS F AND Ph 





Rate of ejaculations during periods 
corresponding in length to: 


Bull | Injection of 
(No.) | phosphorus-32 


Spermatogenesis | Epididymal passage 
of sperm | 


F first 2-3 daily 2-3 daily 
second 2-3 daily 1 per week 
Ph first 1 per week 1 per week 
second 1 per week 2-3 daily 





The aims of planning the experiment in the way 
outlined above were as follows. Constant frequency of 
collection was maintained during periods correspond- 
ing in length to the time necessary for the completion 
of spermatogenesis since one could scarcely expect 
the spermatogenesis, as distinct from sperm passage 
through the epididymis, to be affected by the nurnber 
of spermatozoa withdrawn from the animal by means 
of semen collections. During the remaining periods, 
however, which would correspond in length to the 
time required for the passage of sperm, the frequencies 
were varied deliberately. Thus if varying ejacula- 
tion frequencies could affect the epididymal passage 
of spermatozoa at all, the appearance of labelled 
deoxyribonucleic acid in ejaculated sperm would 
occur at different times from the moment of injection 


according to the respective rates of ejaculations. In 
rams‘ and rabbits (Koefoed-Johnsen, H. H., and 
Foote, R. H., unpublished results) it has been 


previously found that labelled spermatozoa were 
present in the head of the epididymis about 30 days 
after the administration of the radioisotope. It was 
thought reasonable to apply to bulls a similar figure 
although, admittedly, this period could be possibly 
longer, but in any event not shorter, in the bull. 
All results obtained on the three bulls are given 
in Table 2. This table shows the time interval 
between the phosphorus-32 injection and the first 
appearance in ejaculated semen of spermatozoa con- 
taining labelled deoxyribonucleic acid. It indicates 
also the average age of spermatozoa in the ejaculates 
as assessed by the time required by ejaculated sperm- 
atozoa to reach the maximum of labelling (average 
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APPEARANCE OF RADIOACTIVE PHOSPHORUS IN THE DBOXYRIBONUCLEIC ACID (DNA) OF EJACULATED SPERMATOZOA AFTER INTRA- 
MUSCULAR INJECTION OF LABELLED INORGANIC PHOSPHATE TO BULLS 








Table 2 
No. of ejaculates 
Bull Age Date of Dose of During | From the thir- | 
(No.) | (months) | phosphorus-32 phos- days | tieth day on- 
| injection | phorus-32 0-30 | wards and un- | 
| (ue./kgm.) til the appear- 
| ance of 
| labelled DNA | 
18 30 May 1, 1957 11 22 14 
18 36 Nov. 20, 1957 20 ye 3 
18 42 May 1,1958 12 40 | 37 
a 12 May 17, 1958 5 22 — 
F 18 Nov. 5.1958 8 71 50 
F 21 Jan. 20, 1959 7 79 5 
Ph 30 Nov. 5, 1958 8 5 6 
Ph 33 Jan. 20, 1959 10 5 67 


values). Table 2 includes also results for the number 
of ejaculates obtained during definite periods of time 
and the number of spermatozoa ejaculated during 
the same periods. The general conclusion which can 
be drawn from these results is that the period of time 
required for the appearance in ejaculates of sperm- 
atozoa with labelled deoxyribonucleic acid is remark- 
ably constant irrespective of the frequencies of 
ejaculations. The average age of ejaculated sperm- 
atozoa, however, varies according to the frequency 
of collections ;: thus, infrequent collections will 
result in a higher average age of the spermatozoa 
in ejaculated semen, indicating that the sperm have 
been stored in the cauda epididymidis for a longer 
period of time than in the case of frequent ejaculations. 
H. H. Koerorp-JOHNSEN 
Sterility Research Institute, 
Royal Veterinary and Agricultural College, 
Biilowsvej 13, Copenhagen. 
Dawson, R. M. C., Nature, 181, 1014 (1958). 
Koefoed-Johnsen, H. H., Roy. “et. and Agric. Coll 
Inst. Ann. Rep., 18 (Copenhagen, 1958) 

Schmidt, G., and Thannhauser, 8. J., J. Biol. Chem., 161, 83 (1945) 
‘Ortavant, R., C.R. Soc. Biol., Paris, 148, 804 (1954). 


Abnormalities in the Urinogenital 
System of the Common Dogfish 


\BNORMALITIES of the urinogenital system of the 
common dogfish (Scyliorhinus caniculus) have hitherto 
been regarded as infrequent'-*. It is therefore of 
interest to note that in the past academic year three 
ibnormal dogfish have been found by this department. 

Case 1. This dogfish was 14-3 in. long (36-3 em.) 
from the tip of the snout to the posterior end of the 
first dorsal fin. The external appearance was that of 
a young male. The right clasper was 3-5 cm. long, 
and the left clasper 2-9 ecm. long. The united mesial 
border of the pelvic fins* was notched to a depth of 
9mm. So far as can be judged, the structure of the 
siphon was normal. The appearance of the mouth? 
was typically male. 

Internally the urinogenital ducts were symmetrical 
and hermaphrodite. Superficially, the urinary and 
Wolffian ducts presented the normal appearance of a 
young male, and the seminal vésicles were dilated to 
a diameter of 7 mm. There was, however, no sperm 
sac. The main urinary duct on each side opened into 
the urinary papilla, but the seminal vesicles opened 
into the dorsal wall of the base of each oviduct. 

On each side the Miillerian duct extended from the 
common oviducal aperture to the cloaca. The length 
of the common oviducal aperture was 9 mm. There 
was no indication of an oviducal gland. Throughout 
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Time interval (days) 


Number of sperm ejaculated x 10° from injection to 


From in- 








During | From the thir-| Firstap- | Labellingof | 
| jection tothe| days tieth day on- | pearance | DNA reaching 
appearance 0-30 wards and un- | of phos- | the maximum | 
of labelled til the appear- | phorus-32| (average) 
DNA ance of in DNA | 
| labelled DNA | | 
SSS SS S_ — ————ee 
104-4 | «65-9 | 38 48 60 
38-6 15-1 23 50 69 
186 °7 132-9 bs 48 52 
39°5 24-4 15-2 48 - 
122-9 77°38 45-1 47 55 
93-0 60-1 32-9 50 66 
79-9 29-7 50-2 51 63 
244-5 76:7 167-7 49 58 


the major part of its length the diameter of the 
Miillerian duct was 2-5 mm., and the lumen was 
filled with a clear mucus. The posterior part of the 
Miillerian duct had an average diameter of 5 mm., so 
this part was apparently dilating, as would be 
expected in a young female prior to copulation. The 
right Miillerian duct was closed at the cloaca, and 
sealed to the lateral side of the urinary papilla. The 
equivalent region of the left side was damaged by 
student dissection, but is believed to have been in 
the same condition originally. 

The left gonad had the external appearance of a 
functional testis. Microscopical examination revealed 
that proliferation of spermatogonia was occurring in 
the seminiferous tubules, but that maturation of 
spermatozoa was not occurring. The right gonad 
was less well developed, and had the appearance of 
an immature ovary. Oocytes as big as 2 mm. in 
diameter were visible in one part. 

Case 2. The dorsal fin had been removed with the 
tail, but the animal was 13 in. long (33 cm.) from the 
tip of the snout to the posterior end of the pelvic 
fin. In other words the animal was slightly longer 
than case 1. The external appearance was not so 
typically male. The left clasper only was present, 
and was only 2 em. long. The pelvic fins were 
completely separated posteriorly as in a_ typical 
female. There was no indication of a siphon having 
been present. 

Internally, as in case 1, the urinogenital ducts were 
bilaterally hermaphrodite, and the sperm sac was 
absent. Again the urinary ducts presented a typical 
male appearance ; but in this case they opened into 
the dorsal wall of the oviduct, and no urinary papilla 
was present. The seminal vesicles were indicated 
but were only 3 mm. in diameter. As in case 1 they 
opened into the dorsal wall of the base of the oviduct 
The Miillerian ducts extended the whole length of 
the body cavity, with an average diameter of 2 mm 
and dilating in the oviducal gland region to 6 mm. 

The left gonad had the external appearance of ar 
abnormally short testis. The right gonad had th: 
appearance of an immature ovary. 

Case 3. A new pectoral steak was found to 
contain both vasa deferentia and an immature ova! 
The rest of the animal was not located 

A. S. FULLER 
J. M. ZACHAROV 
Department of Chemistry and Biology, 
Norwood Technical College, 
Knight’s Hill, S.E.27. Oct. 16. 
' Bamber, Ruth C., Proc. Zool. Soe. Lond., 16, 217 (1917) 
* Arthur, D. R., Proe. Linn. Soc. Lond., 162, 52 (1950) 


with oocytes. 
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Formation of New Wool Follicles in the 
Adult Sheep 


It has generally been held that the formation of 


mew hair follicles from the epidermis does not occur 
after the adult complement has been established. 
Evidence to the contrary was published by Ribbert! 
as early as 1904, and more recent work in this field 
kas confirmed that new hair follicles can in fact 
cevelop from adult epidermis*-*. This phenomenon 
has not, to our knowledge, been reported in the sheep 
and the present observations, describing the forma- 
tion of new wool follicles in adult animals, were made 
by chance during the examination of unsuccessful 
homografts. 

Pieces of skin (about 3 mm. S$ mm.) from 49 
8 day Merino sheep foetuses were grafted on to the 
abdominal walls of their mothers, the graft beds 
having been prepared by the removal of pieces of full- 
thickness maternal skin. When these sites were 
biopsied, 15-62 days after grafting, and examined 
microscopically, the presence of immature follicles 
was noticed. Neither the age of foetal skin when 
grafted, nor the time that elapsed between application 
of the grafts and sampling of the site, seemed to have 
influenced the occurrence of new follicles. They were 
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Fig. 1. Longitudinal sections of new original wool follicles on the 
abdomen of an adult sheep. A, New follicle with a dermal papilla ; 
B, new follicle at an earlier stage withous dermal papilla cells 
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considered to be maternal and not foetal in origin, 
due to the presence of features which could only be 
associated with adult skin, for example: (a) mature 
follicles, including bundles of secondaries ; (b) shed- 
ding and regenerating follicles ; and (c) fibre remains 
in the dermis. 

Both regenerating and new wool follicles were 
observed. The’ former developed from below the 
sebaceous gland-level of a resting follicle and were 
associated with original dermal papille. This process 
in sheep has been briefly described by Burns*. New 
follicles were of two kinds, derived and original ; 
derived were formed from the neck region of existing 
follicles, and original from the epidermis, in a manner 
similar to that described in the sheep foetus’. Their 
papille also, if present, were newly formed. 

There was considerable variation in the stages of 
development reached by both original and derived 
new follicles. In their early forms they appeared as 
slender epidermal downgrowths, generally, though 
not invariably, associated with dermal papilla cells 
(Fig. 1A and B). Sebaceous glands and hair canals 
had been formed in the more advanced follicles, but 
no sweat glands were observed. The most advanced 
follicle contained a fibre about to emerge above the 
skin surface. However, since the majority of the new 
follicles were in early stages of development (prior to 
the formation of the hair cone), it cannot certainly be 
claimed that this neogenesis would have culminated 
in the general emergence of new fibres. 

Breedis? found that the prevention of wound 
contracture was a pre-requisite for the formation of 
new hair follicles, and it seems reasonable to suppose 
that in the present experiments this was achieved 
by the presence of the foetal homografts. The possi- 
bility that an interaction between foetal and adult 
tissue was responsible for the phenomenon of neo- 
genesis cannot be dismissed. However, in the 
absence of distinguishable foetal skin, our findings 
show that the skin of adult sheep has not entirely 
lost the potential for the initiation of new wool 
follicles. 

A. H. Broox 
B. F. SHorr 
A. G. Lyne 


Division of Animal Health and Production, 
Commonwealth Scientific and Industrial 
Research Organization, 

Sheep Biology Laboratory, 

Prospect, New South Wales. 
1 Ribbert, H., Arch. Entw. Mech. Org., 18, 578 (1904). 
2 Breedis, C., Cancer Res., 14, 575 (1954). 
* Billingham, R. E., and Russell, P. 8., Nature, 177, 791 (1956). 
* Kligman, A. M., and Strauss, J. 8., J. Invest. Derm., 27, 19 (1956). 
5 Billingham, R. E.,in “The Biology of Hair Growth’, ed. Montagna, 

W., and Ellis, R. A., 451 (Acad. Press, New York, 1958). 

* Burns, M., J. Agric. Sci., 39, 64 (1949). 
7 Hardy, M. H., and Lyne, A. G., Aust. J. Biol. Sci., 9, 423 (1956). 


Penetration of Fasciola gigantica 
Cobbold, 1856 into Snail Hosts 


I HAVE recently demonstrated! that penetration of 
Fasciola hepatica into Limnaea truncatula is a brief 
but elaborate process which involves the successful 
attachment of the miracidium to the snail, seemingly 
by suctorial adhesion, and the production of a 
secretion which cytolyses the integument of the snail 
in a circumscribed area underlying the anterior 
non-ciliated pit of the larva. Not until the snail’s 











Fig. 1. Fasciola gigantica sections (84 thick) showing early stages of penetration. 
niracidium attached to mantle (anterior end only in B). C and D, miracidium attached to 
body 


epithelium has been perforated by cytolytic action 
does the larval trematode thrust itself into the snail’s 


h« uly. 


3y the time these preparations for entry have 


been completed, the miracidium has cast off its 
ciliated epithelium, so that although it is the mira- 


cidium which attacks the snail, 


sporocyst which enters the snail’s body. 
I : 3 


is 


the 


young 


It is now possible to demonstrate that the process 
is precisely similar during penetration of Fasciola 
gigantica into certain snails, all three species of which 
became infected, though not with equal facility or 


intensity. 


Normal routine procedures were followed 


in establishing infection, and periods of 30, 60 and 


120 min 
adequate. It is necessary to state 
further that the'serial sections and 
photomicrographs here referred to 
concern snails which are believed 
to belong to the species Limnaea 
Gray, which has been 
once regarded? as merely a race 
of the well-known snail Limnaea 
designated 


ufescens 


auricularia, and was 
L. auricularia 
etter published in these columns’. 
What is stated, however, is true 


ilso for natale nNS8is, and 


rufescens’” in a 


Limnaea 
probably true for Limnaea acum- 
nata, although penetration into 
this species was seldom seen 
During early preparations for 
penetration which the miracidium 
if Fasciola gigantica makes when 
ittached to the mantle epithelium, 
the anterior papilla of the larva 
retracted in what must be re- 
varded as suctorial (Fig. 


LA) Even when the larva has 


action 


made contact with the sub-epi- 
thelial tissues of the snail, the 
anterior extremity of the larva 
s remarkably obtuse and could 


Fig. 
mir 


2. Fasciola gigantica sections (Su thick) showing later stages of penetration. 


widium 


which were allowed for penetration were 


casting 


C, partial entry of young sporocyst. 
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not look less like a piercing organ 
(Fig. 1B). This is true also for 
sections which reveal the extent 
of the damage done to columnar 
epithelia (Fig. 1C and D). As 
is seen during penetration of Lim 
naea truncatula by Fasciola hep- 
atica, the damaged epithelial cells 
of the foot or body which pro 
trude at the rim of the perforation 
created by cytolysis tend to be- 
come heaped externally to form 
a chimney-like eminence around 
the anterior region of the larva. 
At this stage the miracidium like- 
wise casts off the ciliated cells of 
the most anterior tier (Fig. 2A) 
Soon afterwards, the larva is push 
ing this denuded anterior region 
of the body (as well as the anterior 
papilla) into the opening (Fig. 2B): 
The more posterior ciliated cells 
of the larva are then becoming 
loosened from underlying tissue, 
and ultimately they are cast off as 
well. When still later the larva 
squeezes through the opening into 
the body of the snail (Fig. 2C) it 
is evidently devoid of a ciliated 


investment, so that without a doubt the entering 
larva is a globular young sporocyst (Fig. 2D). 

The cytolytic secretion which is produced by the 
miracidium of F’. gigantica, like that produced by the 
larva of F’. hepatica, may be termed ‘digestive’ in the 
sense that the larval gut is concerned, as are paired 


gland cells, in its production. 


In both species of 


miracidia the gut comprises a syncytium having a 
typical cluster of four nuclei, and both a mouth and 
a lumen can be seen in some sections. The secretion 
is acting on the snail's epithelium at a time when the 
miracidium is in fact undergoing metamorphosis. In 
both species therefore it is a young sporocyst which 
enters the snail, although it is the miracidium which 


off 








ciliated cells. 


es @ « 
p 


A. 





{and B&B, 
Note broken cells a at margin of opening. 
D, complete entry 
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first adheres to the snail's integument and then 
cytolyses it to the ultimate perforation. Observations 


at present being made indicate that penetration of 


into Australorbis glabratus is 
similar process, giving further reason to 
believe that entry into the molluscan host is likely 
to be-a unified process of the kind indicated here in 
all the digenetic trematodes which have a ciliated 
miracidium. 

My thanks are due to Mr. A. T. 
the photographs. 


Schistosoma mansoni 


a closely 


Green for taking 
BEN DAWES 
Department of Zoology, 

King’s College, 

London, W.C.2. 
Dawes, Ben, Nature, 184, 1334 (1959). 
* Hubendick, B., K. Svenska Vetenskapsakad. /landl., 3, 1 (1951). 
Kendall, S. B., and Parfitt, J. W., Nature, 171, 1164 (1953). 


Association-Analysis in Plant Communities 


[ne problem of subdivision of a population 
characterized by a correlation matrix obtained from 
a set of 2 2 contingency tables has recently been 
the subject of communications by Williams and his 
The basis of Williams’s method 
choose that species which, by its presence or absence, 
subdivides the population of ecological observations 
in the most efficient manner possible. The purpose 
of this communication is to question the advisability 


colleagues!,?. Is to 


of placing so much reliance on a single species, no 
matter how well selected. 

Following Goodall’s* discussion we may define a 
homogeneous unit of vegetation as one in which all 
species associations are indeterminate or non-signifi 


can Two such units may then be specified as : 
Unit 1 Unit 2 
Species A a, a, 
Species B, ete. db; b. 


where a, is &@ value of unity or less representing the 
chances of species A being present in a quadrat of 
specified size within a stand of unit 1, the chances 
of joint occurrence of species A and Bb in quadrats of 
that unit being given by a,b,. With a large popula 

tion of quadrat samples composed of equal numbers 
of the two units the only subdivision which will 
reduce all residual associations to non-significance at 
the first dichotomy is that which reproduces the two 
units : and this division will be attained by Williams’s 
method when one species is universally present in 
one unit and universally absent in the other. If the 
two units are of very different floristic structure many 
species may fulfil these requirements, and the division 
will be obvious without elaborate calculation. Con- 


versely, it is probable that when computational 
assistance is most needed on account of the resem- 
blance of the two units, and most likely to be 


employed, no species will be so conveniently dis- 
tributed. It may then be necessary to rely for 
division on species X, for example, with values of 

0-9, 2, = 0-1, which would misclassify 10 per 
cent of the quadrats and produce groups in which 
association had not been reduced to non-significance. 
Further subdivision and recombination may yield a 
ery much closer approximation to the two con- 
‘tituent units, but recombination can be a question- 


able process?. . 





In this simple theoretical example the actual 
pecios (X) selected for subdivision of the population 
Williams’s method depends on the values of 2, 
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and «,, since (apart from an unlikely circumstance) 
the species with the greatest |r| corresponds to the 


one with the highest value of : 
vy Xe) , 
or {(X) 
V1 H9)(2 a 9) 


The greatest possible value of this function is | when 
Xs l, 2s 0, so that as has already been suggested 
a species universally present in one unit and univer- 
sally absent in the other is automatically selected if 
such exists. Inthe absence of any species approaching 
this ideal, © |r| might choose species Q having g, = 0°4, 
ds 0-0 (f(Q) 0-5), which misclassifies 30 per cent 
of the sites. This species would be chosen in prefer- 
ence to P which, with p, 0-74, Pe 0-26 (f(P) 
0-48), only misclassifies 26 per cent of the sites. 
Whereas one of the groups sorted out by Q has no 
significant association, the total residual level must 
in some sense be higher than that left by division on 
P, so that the species selected by &j|r| (or Ly? since 
in this case the two give the same answer) will not 
necessarily be that one which subdivides the popula- 
tion in the most efficient manner possible. ‘“Theoreti- 
cal considerations, it will be recalled, tell us that 
it is likely to do so, not that it will’’?. 

Goodall* has advocated the 
analysis methods in ecological work, and it is tempting 
to apply them to a matrix built up from presence 
and absence data. But these methods are intended 
for use with continuous variables and are not neces- 
sarily suited to such a matrix: in fact the scatter 
of the first two factors may be misleadingly distorted 
(Harberd, D. J., unpublished work). Furthermore, 
extraction of more than two factors only yields a 
confusing array of statistics very difficult to visualize 
and interpret. However, with presence and absence 
data the distance between two sites in multi-dimen- 
sional space (an approximation to Mahalanobis’s D?*) 
can be taken as the number of species found once 
only in the two species lists. This quantity, hereafter 
called d?, is easily determined by inspection of species 
Thus, so 


also use of ftactor 


lists and has several attractive properties: 
long as the relevant part of the species log area curve 
is linear, its value between stands of the same vege- 
tational unit is independent of the quadrat size used, 
and characteristic of that unit. 

A complete table of d? between the sites in a 
particular study is easily though laboriously con- 
structed. One such table relating to 80 local bent- 
fescue sites was fairly easily sorted by eye into seven 
less heterogeneous groups characterized by low mean 
d? within groups relative to that between groups. 


Table 1. CHANCES OF FINDING SOME SELECTED SPECIES IN TURVES 


CUT WITH SAMPLING TOOL IN EACH OF SEVEN SITE GROUPS 


Site groups 


Species 
l 2 3 t > 6 7 

Agrostis stolonifera 0°37 0-06 
Sagina procumbens 0-66 | 0°35 | 0-14 0-12 
Cardamine pratensi 0°60 | 0-55 | 0-22 | 0-05 | 0-11 
Ranunculus repens 0:54 | 0-31 | 0-22 |0-10/0-01} — | 0-01 
Poa trivialis 0-77 | 0-49 | 0-22 /0-15/0-:06; — | 0-02 
Trifolium repens 0-97 | 0-91 | 0-70 | 0-82 | 0-74 | 0-60 | 0-17 
Festuca rubra 1-00 | 1-00 | 1-00 | 0-97 | 0-94 | 0-77 | 0-54 
Cerastium vulgatum 0-14 | 0-58 | 0°38 | 0-38 | 0-31 | 0-10 | 0-02 
Cynosurus cristatus 0-29 | 0-29 | 0-44 | 0-35 | 0-19 | 0-08 
Galium pumilum 0-03 | 0-09 | 0-06 | 0-20 | 0-03 
Prunella vulgaris . 0-24 | 0-12 | 0°37 | 0°31 | 0-10 
Carex caryophyllea - |0-04 | 0-22 | 0-53 | 0-74) 0-50! 0-12 
Viola riviniana . 0-02 | 0-02 | 0-18 | 0-44 / 0-17 | 0-01 
Luzula campestris - 0-06 | 0-28 | 0-57 | 0-51 | 0-90 | 0-50 


0 44 0°57 | 0°87 | 0°87 | 0-95 
0:30 | 0-65 


Festuca ovina 0-06 


Galium hercynicum 
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(The possibility of using a computer for this process 
is at present being investigated.) Furthermore, the 
groups fell into a series (numbered 1—7 from flushed 
to leached), the mean between group d? being lower 
for neighbouring groups than for more distant 
groups. 
the groups from the species lists, it can be seen that 
each species tends to attain its greatest frequency 
in one of the tailing away on either 
Cable 1). In no case in the whole table is a species 
universally present in one site group and universally 
absent in the next: we are, in fact, considering the 
case postulated of closely related vegetational units 
where differences are in relative frequency rather 
than in presence and absence. The species with the 
highest Ly? is Festuca ovina, which increases gradually 
in frequency across the whole breadth of the table. 


D. J. 


groups, side 


HARBERD 


Scottish Plant Breeding Station, 
Pentlandfield, 


Roslin, Midlothian. 
Williams, W. T., and Lance, G. N., Nature, 182, 1755 (195s 
Williams, W. T., and Lambert, J. M., J. Ecol., 47, 83 (1959) 
i lall, D. W., Aust. J. Bot., 1, 39 (1953) 
D. W., Aust. J. Bot., 2, 304 (1954) 


PATHOLOGY 


Histotrophic (Parasitic) Stages of 
Hzmonchus contortus 


WorK on resistance and immunity to parasitic 
infections over the past thirty years has tended to 
ipport the view that the immune response, which 
s stimulated 
the 


has been shown to be humoral in nature, 


by the excretions and secretions of invading 
parasite !,?. 

It was first reported by 
undergoing an initial infection, develop a 
to reinfection with Hamonchus 
Stoll* reported that he was able to induce resistance 
by injecting, intraperitoneally or subcutaneously, 
sterilized exsheathed infective H. contortus larve. 

At this Institute attempts to repeat this work met 
with failure ; however, it was later learned® that the 
immunizing doses used by Stoll (4,000-22,000 larve 
far than the 


inoculations in our 


Stoll® that sheep, after 
resistance 


contortus. Later, 


body-weight ) greater 
larve 
insuccessful experiments’. 

Following the unsuccessful vaccine trials a series 
of experiments were designed to elucidate further the 
mechanism of resistance to H. contortus and if possible 


were 
for 


per kgm. 


numbers of used 


to determine the source of antigen and site of the 


ar tibody response 


Three zroups of sheep were used: (1) worm-free 
lambs ; (2) worm-free sheep (one year old) ; (3) resis 
tant sheep (one year old). Animals from each group 


vere challenged with oral doses of 5,000—-100,000 
H. contortus larve and killed at regular intervals 
luring the second to fifteenth day after infection 
After slaughter, the abomasum was quickly opened 
and treated in the following manner: (a) Pieces of 
the pyloric and cardiac portions were cut out and 
(6) The mucosa 
Some of the 


fixed for histological examination. 
vas then scraped off into warm saline. 


histotrophie stages were quickly collected, rewashed 
n warm sterile Tyrode and transferred into previously 
prepared sera from susceptible and resistant sheep. 

Another sample of histotrophie larve was col- 


Reconstructing the floristic composition of 
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Te 
lected and pooled with similar stages from othe 1 
sheep for use in protection tests. Such larvie were ] 
either directly injected into susceptible sheep or ( 


deep-frozen for later use. (d) The remaining mucosa] 

scrapings were fixed in formalin for detailed mor 

phological studies of the parasitic stages. ‘ 
The results of these studies may be briefly sum 


marized as follows : ] 
Morphology. Morphological studies of the histo ‘ 
trophic stages revealed that the rate of development ‘ 


of the parasitic phase is dependent upon the age and 
immunological state of the host. In susceptibl 
lambs most infective (that is, L, stage) larve have 
undergone differentiation and completion of the first 
parasitic ecdysis by the third day after infection 
(that is, to the L, stage) but no marked growth has 
occurred. The larva begins to increase in 
reaching 1-1-5 mm. about the fifth day, when a 
second ecdysis takes place. Sexual differentiation is 
apparent in the L, stage and the young adult reached 
2-5 mm. in length by the seventh to ninth day. Eggs 
are first produced between the twelfth to fifteenth 
day. In older susceptible sheep the first parasiti: 
ecdysis is not generally completed until the fifth day 
and the entire cycle is delayed, with eggs first beiny 
produced on the sixteenth to twenty-fourth day. In 
resistant sheep the life-cycle of the parasite proceeds 
to the L, and L, stages by the fifth to seventh day, 
but the majority of worms become inhibited at thes 
stages until they are thrown off, usually by the 
tenth to fifteenth day. | 

Histology. Histological examination of the mucosa 
and the L,, L, and L, histotrophic larvie in situ has 
so far revealed no evidence of host tissue response- 
resistant 


size 


to these stages in either susceptible or 
animals up to the ninth day. Damage to host tissue 
first occurs after the tenth day, when young adult 
begin to burrow into the mucosa to suck blood. 

The histotrophic larve appear to pass their exis 
tence within the paramucosal lumen, that is, below 
the mucous layer on the surface and in the crypts of 
the villi. In resistant animals where there is evidenc: 
of inhibited development of the histotrophic stages. 
the effect is apparently produced entirely through 
humoral agencies. 

Serology. Studies on the in vitro reaction of serum 
to exsheathed L,, L, and L, larve and adult worms 
were carried out using sheep sera which had been 
serially diluted with phosphate buffer, some with and 
some without complement. It was found chat 
complement was not required and that precipitations 
occurred at dilutions up to 1:40. A minimum time 
of 10-12 hr. appeared to be required and precautions 
had to be taken to produce bacteria-free preparations 
Most larve remained active for up to 36 hr. of immer 
sion. 

The L, and L, stages showed the greatest antigeni« 
activity, overnight preparations revealed precipitates - 
along the inside of the intestine, a plug formation at 
the rectal sphincter and precipitated globulesvat th: 
excretory pore. Neither L, larve nor adult worm 
showed any apparent reaction to immune 
although the exsheathed L, began to show a form of 
streaming oral precipitate after about 36 hr. Adult 
worms remained active for up to 72 hr. and continued 
to produce eggs for most of this time. 

Protectivity. The protection experiments showed 
that the L, and L, stages were significantly mor 
antigenic than the L, stages. A protection of about 
70 per cent (based on abomasal worm counts) wa 
achieved in two groups of sheep, one group of which 


serun 
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received injections of several thousand fresh L, and 
L, stages and the other group similar quantities of 
0:5 per cent formalin-treated L, and L, larvw. No 
protection could be induced below 100,000 with Ls 
larvie and the best that was achieved with larger 
amounts was a 50 per cent advantage over controls. 

lhe evidence from these studies indicates that the 
histotrophie stages of H. contortus are important 
sources of antigen and appear to be the antibody- 
susceptible stages. 


PauL H. SILVERMAN* 
J. E. PATTERSON 


Department of Parasitology, 
Moredun Institute, 
Edinburgh. 

* Present address: Allen and Hanburys, Ltd., Ware, Hertfordshire, 
England 

Chandler, A. C., Rice Inst. Pamphl., 45, 4 (195s) 

Soulsby, E. J. L., Vet. Ree., 69, 1129 (1957) 

Stoll, N. R., Amer. J. Hyg., 10, 384 (1929). 
‘Stoll, N. R., J. Parasit., 28, Supp. 20 (1942) 

Stoll, N. R., Rice Inst. Pamphl., 45, 184 (195). 


‘Carcinolipin’ : an Endogenous 
Carcinogenic Substance 


\ FACTOR affecting protein synthesis has been 
recently detected in egg-yolks'. This substance has 
since been isolated in crystalline form and it is 
possible to obtain the same crystalline material from 
animal tissues also*. Liver and other tissues from 


tumour-bearing rats contained a higher amount of 


this compound when compared with the same tissues 
from normal animals*. 

rhis material enhances the incorporation of labelled 
amino-acids into proteins of Ehrlich ascites cells and 
tissue-homogenates in vitro?. Also the incorporation 
of labelled amino-acids into proteins of rat liver 
microsomes is stimulated in the presence of this 
substance*, and it seems that it is capable of influenc- 
ing protein biosynthesis in its every stage®. The 
net-synthesis of serum albumin in rat liver slices in 

tro is greatly enhanced by the addition of this 
compound tito the incubation mixture*. 

The effect on the incorporation of labelled amino- 
acids into ascites cells protein appears to be strikingly 


dependent on dose. Some doses have stimulatory 
activity while others cause an inhibition of this 
process*. The same general pattern was also found 


when the effect of carcinogenic hydrocarbons was 
tested in the same system. Related non-carcinogenic 
hydrocarbons are free of this activity, which seems to 
be rather specific for carcinogenic substances’. For 
this reason carcinogenic activity was presumed for 
our substance mentioned above. 

lo investigate this possibility further, 50 Wistar 
rats of both sexes, 8 months old, were injected 
subcutaneously with this compound (3 mgm. each) 
in olive oil. Control group of 50 animals received 
the same amount of pure olive oil. 
The ineidence of tumours in the experimental 
roup is given in Table 1. After fourteen months no 
imours have been found in the control group. An 
inusually high incidence of chronic pneumoriia with 
requent bronchiectasias (10 cases) appeared in the 
experimental group (no case in the controls as yet). 
his disease is known to occur fairly often in old rats® 


but not in younger ones. 
This experiment is of course not yet completed, 
nd there are further tumours appearing in the 
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Table 1. TUMOUR INCIDENCE IN RATS TREATED WITH ‘CARCINOLIPIN’ 
(Latent period is given in months after single subcutaneous adminis- 
tration of 3 mgm, ‘carcinolipin’) 


Latent period Site Histological appearance 

5 Subcutaneous Sarcoma 

(site of injection) 
o* Abdominal cavity Carcinoma 
9 Lungs and abdominal Carcinoma 

cavity 

9 Subcutaneous Sarcoma 

(site of injection) 
11 ° Subcutaneous Sarcoma 


(site of injection 


12 Mammary gland Fibroadenoma 
13 Mammary gland Fibroadenoma 
* In this case a very large tumour was found originating perhaps in 


the liver tissue 

+ Very large tumours were found in this case, one originating from 
the lungs, the other being localized in abdominal cavity. Because of 
the magnitude of these tumours as well as their highly polymorphous 
appearance, the same in both cases, it was not possible to ascertain 
the site of the primary tumour 


experimental group. However, it is clear already 
irom these preliminary results that our compound 
has definite carcinogenic activity. 

The chemical nature of this substance is not quite 
clear. It is of lipid nature and seems to contain a 
bound phosphorylated pentose, also. Because of the 
predominantly lipid character of the active substance 
as well as its carcinogenic properties, the name 
‘carcinolipin’ is proposed for it until its exact chemical 
structure is made clear. 

It is very probable that ‘carcinolipin’ is responsible 
for the higher incidence of tumours found in mice 
fed egg-yolks*. It seems quite probable, too, that 
‘carcinolipin’ might be identical with the endogenous 
carcinogenic substance’. A closely similar isolation 
method followed in our experiments strongly supports 
this view. Moreover, tumours of various types were 
found. The ability to produce tumours not only on 
the site of subeutaneous injection seems to be 
characteristic of the endogenous carcinogenic sub- 
stance!, carcinogenic hydrocarbons, on the other 
hand, producing almost exclusively subcutaneous 
sarcomas after this mode of administration. 

‘Carcinolipin’ seems to possess a general role of a 
growth-promoting factor in tissues and _ other 
biological materials, since it stimulates the growth of 
young rats and chickens when added to their diet 
(Hradec, J., and Trojan, K., unpublished work). 
Probably it is capable of inducing malignant growth 
only in certain circumstances, which are being 
investigated further in our laboratory. 

J. HRADEC 
Department of Biochemistry, 
Oncological Institute, 
J. KrRuMi 

Department of Pathology, 

Postgraduate Medical School, 
Prague. 
Oct. 8. 


' Hradec, J Vature, 182, 52 (1958) 
? Hradec, J., and Stroufova, A., Biochim. Biophys. Acta (in the press) 
Hradec, J., Abstracts of Papers, Seventh International Cancet 
Congress, London (1958) 
' Hradec, J., Biochim. Biophys. Acta (in the press) 
Loftfield, R. B., “Prog. Biophys.”, 8, 347 (1957) 
‘Hradec, J., and DuSek, Z., Biochim. Biophys. Acta (in the press) 
7 Hradec, J., Brit. J. Cancer, 18, 336 (1959). 
* Griffith, 1. Q., and Farris, E. J., “The Rat in Laboratory Investiga- 
tions” (Lippincott, Philadelphia, 1942) 
* Szepsenwol, J., Proc. Soc. Exp. Biol. Med., 96, 332 (1957). 
> Shabad, L. M., Cancer Res., 5, 405 (1945). 
' Kleinenberg, H. E., Neufach, 8S. A., and Shabad, L. M., Cancer Res 
1, 853 (1941) 
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ENTOMOLOGY 


Male Genitalia of Apis Species 


THE external parts of the male genitalia of Apis 
species are poorly developed, and an _ elaborate 
structural modification of the internal walls of the 
everted during copulation. Hitherto 
undescribed except for A. mellifera, this apparatus 
has now been examined in specimens of the other 
from Ceylon kindly obtained by 
Baptist and Mr. L. A. 8S. Perera. 

Fig. 1 shows the organs of A. indica and A. mellifera 
in an over-everted condition which is not reached 
in natural mating'). A. indica lacks the hard plates 
of A. mellifera and has the small projections at the 
bases of the sticky horns enlarged to trilobed struc- 
The shapes and proportions of the various 
differ. In the other two species only 
organs of specimens 
Neither has hard plates. <A. dorsata has 
which corre- 
indica, and 

florea 


edeagus is 


three species 


Dr. B. A. 


tures. 
parts also 


ineverted preserved were 
examined. 
three additional pairs of sticky horns, 
spond to the trilobed 
five additional bristly projections. A. 
trilobed structures somewhat like those of A. indica, 
a single pair of sticky horns which are relatively 
much longer than in the other species, and no bristly 
projections. The endophallus differs markedly in 
shape from that of the other species and has fleshy 
areas (presumably glandular) in its walls. 
Endophallic plates, apparently identical with those 
of European bees, were found in bees from Palestine, 
Uganda, Tanganyika (received from Dr. F. G. Smith) 
und South Africa (all of which are considered to 
helong to sub-species of A. mellifera). It 
interesting to know whether they ever occur in the 


structures of A. 
has 


would be 





| 
\- 


mellifera; 2, A. indica, A, Hard 
basal projection and homologous 
E, fimbriate lobe 


Fig. 1. Male genitalia. 1, A 
plates B, sticky horns; C, 
trilobed structure; JD, four hairy projections ; 
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apparently closely allied A. indica. Male specimens 
of both species would be welcomed from regions of 
possible overlap between them, such as_ Persia, 
Afghanistan, Pakistan or northern China. They 
should preferably be preserved in glycerine. 
J. SIMPSON 
Bee Department, 
Rothamsted Experimental Station, 
Harpenden, Herts. 
Bee World, 39, 3 (1953) 


‘ Woyke, J., and Ruttner, F., 


Homocatechol in an Insect Cuticle 


DURING the of an investigation into thi 
hardening of the cuticle of the desert locust Schisto 
cerca gregaria, 4-methyl-catechol, a substance no 
previously recorded from insect cuticles, was identifie: 
chromatographically in abundant amounts from full 
hardened cuticles after acid hydrolysis as well as aft« 
alkaline hydrolysis under reducing conditions. Thi 
although absent from the soft cuticl 
newly exposed on moulting, is readily detected aft 
they have been artificially tanned with B-(3: 4 
dihydroxyphenyl)acetic acid, indicating decarboxyla 
tion of the tanning agent. If 8-(3 : 4-dihydroxy 
phenyl)propionie acid is used in place of the aceti 
derivative to tan the cuticles a compound wit! 
similar properties is recovered from the cuticle 
This latter compound, which is also present i 
aqueous extracts of naturally tanned cuticles, ha 
an Ry value, in benzene/acetic acid/water, slight! 
higher than that of 4-methyl-catechol. It can onl 
be presumed to be 4-ethyl-catechol similarly forny 
by decarboxylation. B-(3 : 4-dihydroxyphenyl)acet 
acid and 4-methyl-catechol have also been detect: 
after tanning cuticles with B-(3 : 4-dihydroxypheny! 
propionic acid, and the formation of these compoun 
indication that degradation of orth 
diphenolie compounds in an insect cuticle’ to con 
pounds having shorter side-chains may be accor 
panied by decarboxylation. Hackman and Todd 
have already demonstrated the decarboxylation 
vitro of 3: 4-dihydroxybenzoic acid in the presen 
of a plant phenolase. 

In the of this work, it was found th 
B-(3 : 4-dihydroxyphenyl)propionie acid is present i 
the soft This is importan 
for Hackman? has suggested that the degradation 
B-(3 : 4-dihydroxyphenyljalanine may not 
through the propionic derivative. 

In the full account of this work, to be publish: 
elsewhere, it will be shown that the exocuticle 
Schistocerca, which differs markedly from the ambe: 
exocuticle of other insects‘, is not tanned by para 
quinones®.® but by ortho-benzoquinone derived fro: 
catechol. 

This work was made possible by a grant fro 
Unesco and carried out in the Zoology Departme 
of the University of Manchester. I wish to than 
Prof. R. Dennell for the hospitality of his laboratory 


S. R. A. MALEK 


course 


substance, 


seems a clear 


course 
cuticle of Schistocerca. 


pre erent 


Department of Zoology, 
University of Alexandria. 

' Richards, A. G., “The Integument of Arthropods” (Universit, 
Minnesota Press, 1951). 

* Hackman, R. H., and Todd, A. R., Biochem. J., 55, 631 £1953 

Hackman, R. H., Biochem. J., 54, 371 (1953). 

* Malek, 8. R. A., Proc. Roy. Soc., B, 149, 557 (1958). 

* Dennell, R., Proc. Roy. Soc., B, 148, 176 (1958). 

*Kennaugh, J. H., J. Insect Physiol., 2, 97 (1958). 
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BACTERIOLOGY 


influence of Cobalt and Zinc lons on the 
Growth and Porphyrin Production of 
Mycobacterium tuberculosis avium 


Ir was shown by Baisden' that the addition of 


traces of bacillary ash to a synthetic medium prepared 
from chemically pure constituents was a very effective 
stimulant for the growth of Mycobacteria, and similar 
results could be obtained with a mixture of fourteen 
pure inorganic salts. Various other workers have 
demonstrated the growth-promoting effect of metal 
ions, especially zinc?-* and manganese®. <A simpler 
mixture of pure inorganic salts than that used by 
Baisden has been described recently by Paterson et 
al. This is as effective an addition to Dorset’s’ 
medium for growing large quantities of human 
type bacilli for the production of tuberculin as is 
Baisden’s. 

\ substantial stimulation of the growth of Myco. 
tuberculosis avium (strain D,R) has now been observed, 
ising this trace-element supplement of calcium, 
cobalt, copper and zine ions. At the same time, 
organisms grown on the supplemented medium were 

sually found to be reddish-brown in colour, and a 
red pigment which fluoresced strongly in ultra-violet 
ight was readily extracted into cold acetone. Follow- 
ng the procedure used by Todd* for the extraction 
of coproporphyrin III from Myco. karlinski, nydro- 
chlorie acid solutions of the pigment were obtained 
having very similar light-absorption characteristics 
in the range 380-630 mu to those of coproporphyrin. 
The porphyrin content of a given mass of organisms 
was assessed by measuring the optical density at 
102-5 my of the pigment extracted finally into 10 ml 
of 20 per cent hydrochloric acid (v/v concentrated 
acid). The absorption maximum of the Soret band 
shifted from 402-5 mu to 401 mp on dilution of the 
extract to 0-15 N in hydrochloric acid. This is in 
agreement with the absorption data of Todd*® and 
Jope and O’Brien’. 

In these experiments the organisms were grown on 
the basic Dorset’s medium and on the same medium 
containing the complete trace element supplement of 
Paterson et al... Three additional groups of flasks 
vere also prepared in which the supplements simply 
consisted of either 0-27 p.p.m. cobalt or 1-07 p.p.m. 
copper or 6-04 p.p.m. zine. After periods of 33 
3 days after inoculation, the organisms were har 

sted, the yields were determined (expressed as 
bacillary dry weight) and the porphyrin contents of 
the bacilli estimated (Table 1). 

The results of the experiments show that after 
') days incubation a supplement of calcium, copper, 
cobalt and zine stimulated the growth of Myco. 
tuberculosis avium three-fold and at the same time 
the production of porphyrin (which was maximal 
after 45 days) was increased about 62 times. The 
effect of adding the same amount of zine or cobalt 
to the medium separately was also to stimulate 

rowth and porphyrin production, but in either case 
the effect was only about half as great as that induced 
by the full supplement. Copper alone had no effect 
ither on the yield of organisms obtained or on the 
amount of porphyrin prodyced. Thus, the stimulating 
effect of the trace element supplement of Paterson 
et al. on the growth and free porphyrin production 
of Mycobacteria is largely if not solely due to zine 
and cobalt. 
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Table 1. EFFECT OF COBALT, COPPER AND ZINC IONS ON GROWTH AND 
PORPHYRIN PRODUCTION OF Myco. tuberculosis avium (STRAIN D,R) 


Incubation Amount of porphyrin | 








period. | Additions* Yield of | extracted. Optical 
(Days at to medium organisms; density of 10 ml. 
37°C.) | (gm.) hydrogen chloride 
solution at 402-5 my 
33 | | 10-0 1-100 
38 Basic 9-3T 0-915 
45 medium 7 -9F 0-609 
48 8-2T 0-273 
33 Full supplement 8-70 
41 of calcium, cob- 11-9 
| 45 | alt, copper and 23-7 38 -2 
53 zine (ref. 6) 6 13-8 
42 17-1 27°6 
47 6-04 p.p.m. zine 13-7 21°8 
49 13-6 23° 
38 18-0 17 
42 0-27 p.p.m. 17-9 16°5 
47 cobalt 17-1 19-9 
40 6-67 0-441 
46 1-07 p.p.m. 8 -6T 0-790 
52 copper 7-9T 0-534 


| 


* Each flask contained 1 litre of a modified Dorset’s synthetic 
medium with or without trace element additives 

t Pellicle had sunk, All others remained floating during the experi- 
ment, 


The isolation of the porphyrin pigment and its 
identification as coproporphyrin III will be described 
elsewhere. 

I wish to acknowledge the permission of the 
Director of the Central Veterinary Laboratory to 
publish these preliminary results. 

D. 8S. P. PATTERSON 
Central Veterinary Laboratory, 
Ministry ef Agriculture, 
Fisheries and Food, 
New Haw, Weybridge, 
Surrey. Sept. 4. 
* Baisden, L. A., Amer. J. Vet. Res., 12, 254 (1951) 
* Henley, R. R., Amer. J. Vet. Res., 1, 25 (1940). 
* Dekker, T., and Huitema, H., Nature, 182, 1387 (1958). 
* Drea, W. F., Amer. Rev. Tuberc., 74, 145 (1956). 
Willison, E. H., Bingenheimer, J., and Rosenthal, 8. R., Ann. Inst. 
Pasteur, 94, 49 (1958). 
® Paterson, A. B., Wright, E. C., and Patterson, D. 8. P., Tudercl: 
Lond., 39, 275 (1958). 
Dorset, M., J. Amer. Vet. Med. Assoc., $4, 439 (1934). 
® Todd, C. M., Biochem. J., 45, 386 (1949). 
* Jope, E. M., and O’Brien, J. R. P., Biochem. J., 39, 239 (1945) 


Antigens of Spheroplast Membrane 
Preparations from Escherichia coli B 


Vennes and Gerhardt! demonstrated quite con- 
clusively by serological means that no trace of cell- 
wall antigens remained attached to the protoplast 
membranes prepared by lysozyme treatment of 
Bacillus megaterium. Wecause of the differences in 
the chemical composition of walls of Gram-positive 
and Gram-negative bacteria it has been suggested 
that the osmotically fragile, spherical bodies produced 
from Gram-negative bacteria by lysozyme treatment 
or induced by penicillin action have only partially 
lost their cell-wall material?. Salton and Shafa® have 
shown that some cell-wall components remain in 
spheroplasts prepared by the penicillin method from 
two. Gram-negative species. Their results indicated 
that the lipo-protein components remained attached 
to the spheroplasts. The wall preparations from the 
spheroplasts were also agglutinated by a cell-wall 
antiserum. 

In the present investigation spheroplasts of 
Escherichia coli B were produced by the lysozyme 
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versene treatment of Repaske*. With the 
serological techniques it has been shown that (a) cell- 
wall antigens remain in carefully washed membrane 
preparations from the spheroplasts and (b) there are 
specific antigens of the spheroplast membrane which 
are not present in detectable amounts in cell-wall 
preparations. 

Che bacteria were grown in a glucose-salts medium® 
and harvested by centrifugation in the cold at the 
end of the logarithmic phase of growth. Cell walls 
were obtained by differential centrifugation following 
disintegration of the cells in a Hughes's press® at 

20°C. The disintegrate was centrifuged for 15 min. 
at 25,0007. Gentle the surface layer 
yielded wall preparations that could be purified with 


removal of 
vi 
euse 

Spheroplasts were prepared by 
treatment according to Repaske*. 
were centrifuged in the cold and the pellet suspended 
in 0-01 M phosphate buffer at pH 7 to lyse the 
sphe roplasts. Deoxyribonuclease (0-05 mil.) 
was added to facilitate homogenization. 

The resulting preparations of walls and spheroplast 
ghosts were washed twice in VM sodium chloride and 
twice in 0-1 M phosphate buffer at pH 7, with 
intervening centrifugations at 25,0007 for 15 min. 
The homogeneity of the preparations was controlled 
by phase contrast microscopic examination. 

Immune sera against the cell wall and spheroplast 
membrane preparations were obtained by immunizing 
two white rabbits for each of the antigen preparations. 
[he animals were inoculated intravenously twice a 
week over a period of nine weeks. The initial dosage 
was increased threefold during this nine- 
week of rest from 
were killed by 
cent end-point method of 
complement fixation used in assaying the 
immunological reactions The readings were made 
visually to 10 per cent accuracy. 

Cell walls, spheroplast membranes and whole cells 


lysozyme-—versene 
The spheroplasts 


of 2 mgm 
period 
inoculations 

The 50 


Following one 
the 


per 


we ek 
antigen animals 
bleeding. 
was 


were used as antigens in the reactions and each 
immune serum was tested against all three in the 
complement fixation test. The two antisera had the 


same titre against the spheroplast membrane antigen, 
and the same titre was obtained when antiserum to 
spheroplast membranes was tested against cell-wall 


and 


antigen The reaction between cell walls 
homologous antiserum was slightly weaker. The 
results are indicated in Table 1. 
Table 1 LITRES IN THE COMPLEMENT FIXATION TEST OF WHOLE 
CELLS AND ISOLATED STRUCTURES OF Escherichia coli B 
Antiserum to 
Antiger Spheroplast membranes Cell walls 
Spher last membranes 3,840 3840 
Cell w , 840) 1,920 
Whol ul 1,920 1,920 
The antiserum to the spheroplast membrane 


preparation was absorbed with an excess of whole 
cell antigen, prepared by heating a cell suspension to 
The method of absorption followed 


After each absorption 


100° C. for 2 hr. 
the conventional procedure. 
the serum was tested against cell wall and spheroplast 
membrane preparations. The process was repeated 


until one of the antigens failed to give an inhibition 


of the hemolysis. 
As can be seen in Table 2, it was possible to remove 
the antibodies against cell-wall antigens by absorption 


aid of 
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AN ANTISERUM AGAINST A SPHBROPLAST T 


185 


REACTIONS OF 
PREPARATION ABSORBED 

CELLS 
The figures in the left-hand column indicate the number of absorptions 


Table 2. 
MEMBRANE WITH HEAT-TREATED WHOLE 


Absorbed antiserum tested against 


Absorption number 


Spheroplast membranes Cell walls 


0 3,540 3,840 
] | 1,920 1,920 
2 960 480 
4 240 60 
6 120 15 
8 120 0 
9 120 0 


with whole cells, as indicated by the complement 
fixation test. However, the antiserum still showed 
a positive reaction after nine absorptions, when tested 
against the spheroplast membrane preparation. Thi- 
means that there are antigenic materials, specific for 
the spheroplast membranes, which are not present 
in cell-wall preparations. 
T. HoLMEe 
A.-S. MALMBORG 
Bacteriological Department, 
Karolinska Institutet, ' 
Stockholm. 
E. Cota-ROBLES 
Division of Life Sciences. 
University of California, 
Riverside, Calif. 
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* Salton, M. R. J., and Shafa, F., Nature, 181, 1321 (1958) 


jiochim. Biophys. Acta, 30, 225 (1958) 
* Hook, A. E., et al., J. Biol. Chem., 165, 241 (1946) 
* Hughes, D. E., Brit. J. Exp. Path., 32, 97 (1951) 
Kabat, E. A., and Mayer, M. M., ““Experimental Immunochemistry 
(Charles C. Thomas, Springfield, Ll., 1948) 


* Repaske, R., 


Elongation of a Leprosy Bacillus (Mycobac- 
terium lepraemurium) in a Cell-free Medium \ 


THE bacillus of human leprosy (Mycobacterium 
leprae) was one of the first bacteria to be identified 
as the causative organism of a disease; but it 
remains to this day among the very few that have 
failed to grow in any type of culture medium. Ther 
is indeed doubt as to whether it has ever even been 
transmitted to an experimental animal. Much of the 
laboratory work on has therefore 
concerned with the only other closely related organ 
ism, the rat leprosy bacillus (Mycobacterium leprae 

murium), which infects rats and mice, causing diseas« 
having many of the characteristics of human leprosy 

in common with WM. leprae it is unusually slow-growing 
in the body, with at least 10 days elapsing between 


leprosy been - 


each generation. 

An important advance is the recent observation of 
limited multiplication of M. lepraemurium in tissu 
culture’ *, but the organism, like M. leprae, has G 
remained uncultivated so far in any cell-free medium 
despite a vast,, painstaking effort by many workers, 
using the most varied media*t“. Moreover, studies 
on the respiratory metabolism of M. lepraemurium 
have shown an almost complete lack of response to 
the many substances tested; even albumin and 
yeast and liver extracts, which do stimulate respir 
ation, are apparently not themselves oxidized, nor 
do they promote utilization of other substrates®. 

For some time, workers in these laboratories have 
found it possible with the. electron microscope to 
distinguish, under certain conditions, a completely 
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I 1, MBAN LENGTHS AND PERCENTAGE DEGENERATION OF Mycobacterium lepraemurium AFTER INCUBATION AT 37° C. IN VARIOUS MEDIA 
Mean length of bacilli after up to 24 hr. incubation (base line) = 1-64 + 0-01, with 5 per cent degenerate 
Days incubated 
7 14 28 63 
Medium - —— — ae 
Mean Mean Mean Mean | 
length Degenerate length Degenerate length Degenerate length Degenerate 
(ma) | (per cent) (nu) | (per cent) (mu) (per cent) (n) (per cent) 
i Water 1-58 (50) (50) 
I Phosphate buffer 1-55 (50) (80) 
( As B + 20 per cent sucrose - (90) 
D Nutrient 1-75 (10) 1-91* (10) (80) 2-24° (80) 
I As D + sugar / 
I 10 per cent sucrose 2 -85* (10) (20) 3-44* (95) 
I 20 per cent sucrose 1:79 (10) 2-21* (10) (30) 3 -12* (95) 
I 8 per cent glucose 2-44°* 5) (10) 2-88* (80) 
I As El + isoniazid 1 -70t (20) (40) “ 


The table gives the summated results derived from all experiments performed. 





* The difference between these figures and the base line length (1-64), as well as between the figures for D and all EZ, far exceed any 


chance fluctuation (P < 00-0001). 


These figures are not significantly above the base line length of 1-644 (P > 0-3); 


eding any possible chance fluctuation (P < 0-0001). 


nerate form of M. lepraemurium that is no longer 
able to produce disease®. In this way we have found 
that in the culture media the bacilli 
only fail to multiply but also are degenerate after 
incubation at 37°C. In one of our 
periments, however, involving a liquid nutrient 
dium of the type used for culturing tubercle bacilli, 
ith 20 per cent sucrose added in the hope of achiev- 
ig a beneficial stabilizing effect, electron microscopy 
2 months revealed that, although the bacilli had 
egenerated, a number looked unusually long. It 
ed possible that death some actual, if 
mited, growth might have occurred in this medium. 
followed up this observation by 
tigating the frequency distributions of the 
ngths of rat leprosy bacilli after varying times of 
vubation in different media. 
Bacilli of M. lepraemurium, partly freed from tissue 
mponents, were provided by our colleague Dr. R. J. 
W. Rees from the homogenized livers of intravenously 
fected mice. The bacilli were added to the following 
juid media, contained in 5-ml. amounts in 25-mim. 


conventional 


few weeks of 


before 


7 therefore 


rive 


llameter test-tubes, to make final concentrations of 
bout 5 10’? baecilli/ml.: (A) distilled water ; 
) phosphate buffer 0-01 M, pH 7-0; (C) phosphate 

iffer plus sucrose 20 per cent (w/v); (D) a basal 

trient medium composed of Difco ‘Casamino’ acids, 
2-9 gm. ; asparagine, 0-3 gm.; anhydrous disodium 
ydrogen phosphate, 2-5 gm. ; potassium dihydrogen 
1-0 citrate, 1-5 
rystalline magnesium sulphate, 0-6 gm 


phosphate, gm.; sodium gm. ; 


glycerol, 


25 mi distilled water to 1,600 ml. To this basal 
medium, sterilized by autoclaving, bovine plasma 
albumin (fraction V). sterilized by filtration, was 


added to make 0-25 per cent {E) as (D), plus sucrose 
or glucose (sterilized by autoclaving in high concen- 
trations) to give a range from 1 to 20 per cent (w/v), 
or 0-5-8 per cent (w/v), respectively (FP) as (B) 
with 10 per cent sucrose), plus isoniazid 5 ugm./ml. 

The bacillary suspensions in these media were 
ncubated at 37° C. Some were fixed within 24 hr. 
base line) by adding formaldehyde to make 2 per 
ent, while others were incubated for various periods 
nd then similarly fixed. Samples were examined in 
the electron microscope, set at a magnification of 
10,000 by means of siandard 0-26-u diameter spheres 
{polystyrene latex. A-series of concentric circles, the 
circumferences of which were spaced by 0-5 em., drawn 
on the fluorescent screen on which the final 
was seen, allowed the lengths of the bacilli 


image 


to be 


they are lower than the lengths of Zl by an amount 


grouped in intervals of 0-54. The lengths of 100 or 
more bacilli from each sample were measured in this 
way, and the frequency distributions of lengths and 
their means were calculated. At the same time the 
proportion of these bacilli appearing completely) 
degenerate was estimated, giving a rough minimum 
value for a non-viable count. Of 1,700 bacilli from 
six samples fixed within 24 hr., the lengths of 74 per 
cent lay between 1-0 and 2-0u, and 92 per cent 
between 1-0 and 2-54; the mean was 1-64 0-Olp. 
—a figure very similar to that already reported from 
the more difficult measurements made with the 
light microscope’. The average proportion degen- 
erate in these base-line samples was 5 per cent. 

The mean lengths after incubation (Table 1) 
indicate no elongation in the three non-nutrient 
media (A, B and C), compared with the base line at 
24 hr.; and degeneration was rapid. On the other 
hand, a small amount of lengthening could occur 
even in the ordinary nutrient culture medium (D), 
though again degeneration was fairly rapid. However, 
in the same medium with 10 per cent sucrose or 8 per 
cent glucose (EZ), the mean length nearly doubled, 
and the proportion of bacilli longer than 2-5u rose 
from 6 to 67 per cent (sucrose) and to 51 per cent 
(glucose) in a month (the greater part of the increase 
being in the first 2 weeks). Moreover, the appearances 
of degeneration were distinctly delayed, though 
occurring ultimately and presumably terminating the 
lengthening The contrast in increased 
lencth and slowed degeneration between the sugar- 


process. 


containing medium and the same medium alone was 
evident through the whole range of concentrations 
of sucrose from. 1 to 20 per cent (optimal at 10 per 
cent), and with 4 and 8 per cent glucose. 

The anti-leprosy drug isoniazid 
(medium F’) in preventing the lengthening excludes 
the possibility that we are witnessing only a passive 


effect of iit 


stretching. Moreover, the electron density (and 
therefore the weight density) of the bacilli was 
unchanged in the jong bacilli with, if anything, a 


slight increase in width. This again points to a real 
increase in bacteria! protoplasm in the cultures. We 
now, therefore, reg the failure to obtain multi- 
plication of the rat leprosy bacillus in culture medium 
as being due to a failure of the bacilli to divide, and 
not to their complete inability to metabolize and 
grow. Lf means co be found to encourage division. 
the culture of leprosy bacilli in cell-free media might 
at last become possible. 
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We are indebted to Dr. R. J. W. Rees for providing 
the M. lepraemurium and for his interest and advice ; 
and to Miss B. Cooling for undertaking many of the 
length determinations. 

P. D'Arcy Hart 
R. C. VALENTINE 
National Institute for Medical 
Research, 
Mill Hill, London, N.W.7. 
July 19. 
' Rees, R. J. W 


359 (1958). 


- and Wong, P. C., Nature, 181, 


Garbutt, E. W., Rees, R. J. W., and Barr, ¥. M., Lancet, 2, 127 
1958). 
* Wallace, J. H., Elek, S. D., and Hanks, J. H., Proc. Soc. Exp. Biol., 
97, 101 (1958). 
* Eddy, B. E., Internat. J. Levrosy, 5, 31 (1937 


Gray, C. T., J. Bact., 64, 
* McFadzean, J. A., and Valentine, R. 
Hyg., 53, 414 (1959). 

” Hilson, G. R, F., and Elek, S 


305 (1952). 


C., Trans. Roy. Soc. Trop. Med, 


D., Internat. J. Leprosy, 25, 330 (1957). 


GENETICS 


Conditioned Lines of Flax 


[r was reported! that when different combinations 
of nitrogen, phosphorus and fertilizer 
treatments were applied to plants of a single inbred 
variety of flax the large differences in plant size 
produced by the treatments were transmitted 
unchanged to their offspring and to the second and 
sthird generations When a small type so obtained 
was crossed reciprocally with a large type the effect 
was transmitted through the male parent almost to 
the extent as through the female. When the 
two types were reciprocally grafted, both types were 
identifiable in the stock and scion. It was concluded 
from this that the environment had induced at least 
semi-permanent changes in the nucleus or cytoplasm 


potassium 


Same 


or in both. The following summarizes some of the 
results from further experiments, earried out in 1958, 
on the second, third and fourth generations of two 
extreme types, VA and NPK. NK refers to the 


descendants of plants treated in 1954 with nitrogen 
and NPK to the descendants of 
treated in 1954 with nitrogen, phosphorus 


and 
plants 


potassium, 


and potassium. 

In the fourth generation the N PK plants were still 
several times the size of the NK plants and there was 
no evidence over all four generations that the differ- 
ence them diminishing. Seed taken 
from the stock and scion of the reciprocal grafts of 
NPK and NK made in the previous year again 
produced plants of these two distinct types, and they 
identical with plants grown from from 
ingrafted plants, or from plants with scions grafted 
on to like stocks. In all cases the plants were highly 
and the two types would appear therefore 
stable. 

Further reciprocal crossings of the two types show 
the transmission to be equilinear. Jt seems that the 
small deviation towards the female parent previously 
reported was a maternal effect due to those crosses 
made between types growing in their respective 
environments in which they were conditioned. The 
F’, showed more variability than the F, though no 


between was 


were seed 


unitor: 


to pe very 


beng 


significant increase was obtained with the somewhat 
limited number of plants grown. A more extensive 
study is proceeding. 

The F’,’s may show dominance depending on the 


environment in which they are grown, but heterosis 
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occurred only in the F’, seed weight. These departures 
from the mid-parent value do not necessarily mean 
that the primary effect of the environmental condi- 
tioning has been the induction of chemical changes 
on the chromosomes giving rise to genes with domin- 
ance relations. Purely quantitative cytoplasmic 
differences, for example, if transmitted equally 
through the male and female gametes, could produce 
an fF’, which differed from the mean of the parents in 
certain environments, and this may be more marked 
in some characters due to the interplay of physiologi 
cal processes. Even so, whether the primary differ- 
ences have arisen in the cytoplasm or in the nucleus 
they, together with the externai factors, form the 
genic environment and it is the interaction between 
them all that must be resolved in a final analysis. 

There was a significant difference between the log 
growth-rates of the two types but not between the 
log growth-rates of plants having the different 
fertilizers applied directly to them, although the 
final weight difference was of the same order in both 
sets. There are, therefore, fundamental metabolic 
differences between the two conditioned types, such 
as might be found between two different genotypes 

The first generation of a diallel cross between NK 
and NPK conditioned types and four other varieties, 
two of which were flax and two linseed, was analysed 
for a number of characters. They included plant 
weight, side-shoot weight, centre-shoot weight, 
height and length of side shoots. The most revealing 
picture was given by the array covariance/variance 
graphs using the method of genetic analysis of dialle] 

ables of Jinks? and Hayman*. With each character, 
the points for the NK and NPK types on the graph 
were close together, although the points representing 
the other varieties changed their positions with the 
different characters analysed. It would appea 
from this that the NK and NPK types are identical 
in having similar dominant genes. They were also 
found to be identical in showing the same non-alleliv 

with one of the linseed varieties in side 

shoot weight. Interpreted in another way, suppost 

the variety which was conditioned were entered 
twice in the diallel table, then a constant 
added to all the cells of the male and female arrays 
of one of the entries, to represent the larger (NPK) 
type, would give just such a result, for the addition 
of a constant amount would make no difference to the 
array variance or covariance. The similarity between 
the two types in showing no dominance or interaction 
differences might be taken as further evidence for 
the absence of residual genetic variability in the 
conditioned variety, but complete additiveness in 
effect of the factors responsible for the difference 
need not necessarily be expected in all environments 
for the reasons given above. 

Finally, the range of types produced by the different 
combinations of fertilizer treatments of which th: 
NK and NPK types are the extremes, resembles the 
continuous range of variation that might be expected 
from a genetically determined quantitative character 
but the relationship between the two systems involved 
is as vet unknown. 


interaction 


amount 


A. DURRANT 
H. Tyson 
Department of Agricultural Botany, 
University College of Wales, 
Aberystwyth. 
' Durrant, A., Nature, 175, 560 (1958). 


* Jinks, J. L., Genetics, 39, 767 (1954). 
* Hayman, B. I.. Genetics, 39, 789 (1954). 
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FORTHCOMIN NT 
nean 
nid - Monday, January 4 
nges ROYAL INSTITUTE OF CHEMISTRY (joint meeting with the SOCIETY 
min- or CHEMICAL INDUSTRY, at 14 Belgrave Square, London, 5.W.1), at 
° 6.30 p.m.—Dr. T. H. Blakeley and Dr. A. i. 8S. White: “The Im- 
smc provement of Refractories by Incorporation of Metals”’. 
ally 
enn Tuesday, January 5 
bs in INSTITUTION OF CHEMICAL ENGINEERS (at the Geological Society, 
Burlington House, Piccadilly, London, W.1), at 5.30 p.m.—Mr. J. A. R. 
KOC sennett r. J. G. Collier an r. H. R. ratt: eat Transfer 
*ked Mr. J ‘oll i Mr. H. R. ©. Pratt: “Heat T f 
ogi to Two-phase Gas/Liquid Systems—Part 1°; Mr. J. G. Collier, Mr. 
a J. D. Thornton and Mr. J. A. R. Bennett “Pressure Drop and 
tfer- Hold-up in Two-phase Flow’’. 
leus [NSTITUTION OF ELECTRICAL ENGINEERS, MEASUREMENT, SUPPLY 
the und UTILIZATION SECTIONS (at Savoy Place, London, W.C.2), at 
5.30 p.m.—Mr. H. J. H. Sketch, Mr. P. A. Shaw and Mr. R. J. K. 
‘een Spla “A New Method for Observing the Phenomena of Commuta- 
tion Prof. J. C. Prescott and Mr. A. K. El-Kharashi: ‘‘A Method 
| of Measuring Self-Inductances Applicable to Large Electrical Machines” 
‘ r ™ 
" BRITISH COMPUTER SOCTETY, LONDON BRANCH (at the Northampton 
the Colleg f Advanced Technology, St. John Street, London, E.C.1), 
ent b it 6.15 p.m. —Mr. R. L. Sutton: “The First Year’s Experience with 
tl * Large Computer in a Life Assurance Office’’. 
1e } 
; SocLeTY OF CHEMICAL INDUSTRY, PLASTICS AND POLYMER GROUP 
oth (at 14 Belgrave Square, London, 5.W.1), at 6.30 p.m Dr. E. C. A. 
olic Horn *V.C. Degradation and Action of Stabilizers” 
ich : TEXTILE INSTITUTE (at the Chemical Society, Burlington House, 
; ) Piceadilly, London, W.1), at 6.30 p.m.—Dr. C. 8. Whewell Shrink- 
BS ge of Textile Fabrics” 
VK Roy PHOTOGRAPHIC SOCIETY OF GREAT BRITAIN (at 16 Princes 
: 5» Gate, London, 8.W.7), at 7 p.m.—Prof. 8. Tolansky, F.R.S.: “Optical 
es 
° Illus ' 
seq 
unt Tuesday, January 5—Thursday, January 7 
ht [Ns TION OF MECHANICAL ENGINEERS (at 1 Birdcage Walk 
7 Westminster, London, S.W.1)—Symposium on “Recent Mechanical 
ry Engineering Developments in Automatic Control” 
Lee 
le] Wednesday, January 6 
AT INs E OF PETROLEUM it 61 New Cavendish Street, London 
4 W.1 0 p.m Dr. C. M. Cawlk Flow Properties of Admiralty 
ph Fuel O 
ne Roy SOCIETY OF ART it Johu Adam Street, Adelphi, London, 
Te W.C.2 t 2.30 pom Dr. J. bD. ¢ thy Animal Senses and Re- 
: Last of two Juvenile Lectures.) 
mu (rR ICAL SOCIETY OF LONDON (at Burlington House, Piceadilly 
al Lond W.1), at 5 pn Mrs. D. S. Peake Glacial Changes in 
Al River System and Their Significance in the Glaciology of 
sO N Welsh Border’ 
iT Roya IETEOROLOGICAL SOCIETY (at 49 Cromwell Road, London 
‘ od ‘WM 30 Dom Mr. (. E. Wallington “Mountain Waves” 
- ! INSTITUTION OF RADIO ENGINEERS (at the London School 
Il ind Tropical Medicine Keppel Street, Gower Street, 
a Lor W.C.1), at 6.30 p.m Prof. D. G. Tucker Some New 
I I n Civil Underwater Echo-ranging—Current Research 
it °° 
i of Birmingham 
.) Thursday, January 7 
rh Roy \ERONAUTICAL SocrETy (at the Royal Society of Arts 
ie yonn A Street, Adelphi, London, W.C.2), at 3 p.m.—Dr. G, 
: M “Flying and the Human Machine” (Young People’s 
t Leetur 
rr INSTITI OF REFRIGERATION (at the Institute of Marine Engineers, 
r rhe Men | Building, 76 Mark Lane, London, E.C.3), at 5.30 p.m. 
Ir. H. Heckmatt “Some Lubricating Problems of Refrigerating 
e lachir ng Refrigerant 12” 
n I) IN OF ELECTRICAL ENGINEERS (at Savoy Place, London, 
Wf ».30 p.m.—Mr. H. G. Bell The Protection of Electrical 
, Second. Hunter Memorial Lecture). 
~ SOCIETY OF INSTRUMENT TECHNOLOGY (at Manson House, 26 Port- 
‘lace, London, W.1), at 7 p.m.—Mr. E. J. Sumnet The Pro 
t | Assimilation of Meteorological Observations” 
Friday, January 8 
I ITUTION OF ELEBOTRICAL ENGINEERS, MEDICAL ELECTRONICS 
| DI N GROUP (at Savoy Place, London, W.C.2), at 6 p.m. 
Dis i on “Electrical and Electronic Techniques in Respiratory 
Rese pened by Prof. R. Woolmer and Mr. D. W. Hill 
SOK F DYERS AND COLOURISTS (at the Royal Society, Burling- 
. H Piccadilly, London, W.1), at 6 p.m.—Mr. H. W. Seaman 
‘ew Work on the Dyeing of Nylon with Disperse Dyes” 
ANTI ARIAN HOROLOGICAL SOCIETY (at the Science Museum, South 
Kensington, London, S.W.7), at 7 p.m.—-Mr. Douglas Hughes Bells 
nd | inding’’. 
Friday, January 8—Saturday, January 9 
ASSOCIATION OF APPLIED BIOLOGISTS (joint meeting with the 
PRITISH MYCOLOGICAL Soctrty, at the London School of Hygiene 
nd Tropical Medicine, Keppel Street, Gower Street, London, W.C.1) 
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APPOINTMENTS VACANT 


APPLICATIONS are invited for the following on or 
before the dates mentioned : 

LECTURERS/SENIOR LECTURERS (with a first- or second-class honours 
degree in mathematics or engineering, or at least a second-class 
general honours degree including mathematics) IN MATHEMATICS at 
the Royal Military Academy, Sandhurst—The Ministry of Labour 
Technical and Scientific Register (K), 26 King Street, London, S.W.1 
quoting Ref. A.568/9A (January 10). 

SENIOR LECTURERS or LECTURERS (with a good honours degre 
and relevant teaching experience) IN MATHEMATICS AND PHYSICS 
at the Nigerian College of Arts, Science and Technology—The Council 
for Overseas Colleges, 12 Lincoln’s Inn Fields, London, W.C.2 (Janu- 
ary 11). 

LECTURER/SENIOR LECTURER IN NUTRITION, to undertake teaching 
and research in livestock nutrition in the Department of Nutrition 
and Chemical Pathology, faculty of Rural Science, University of New 
England, Australia—The Secretary, Association of Universities of 

1 


appointments 


the British Commonwealth, 36 Gordon Squar London, W.C. 
(Australia, January 20). 
BABCOCK AND WILCOX FELLOW IN NUCLEAR ENGINEERING-—The 


Registrar, Queen Mary College (University of London), Mile End Road 
London, E.1 (January 30). 

PLANT BREEDER AND GENETICIST (honours graduate in science oF 
agricultural science (or with equivalent qualifications) with two or 
more years of postgraduate research experience) at the Tobacco 
Research Institute, Commonwealth Scientific and Industrial Organiza- 
tion, Mareeba, North Queensland, to take charge of a programme of 
plant breeding and genetical investigations which has been in pro- 
gress at Mareeba for three Chief Scientific Liaison Officer 
Australian Scientific Liaison Office, Africa House, Kingsway, London 


V.C.2, quoting Appointment No, 815/21 (January 30), 
SENIOR TUTOR-DEMONSTRATOR IN Puysics at the University of 
Sydney, Australia—The Secretary, Association of Universities of the 


British Commonwealth London, W.C.1 (Australia, 
January 30) 


CHAIR OF 


36 Gordon Square 


PHYSIOLOGY in the London Hospital Medical College 


The Academic Registrar, University of London, Senate House, London 
W.C.1 (February 1). 
DIRECTOR (experienced administrator with good scientific attain- 


ments, a sound knowledge of arable 
in agricultural experimental work)—The Secretary, Norfolk Agri 
cultural Station, Sprowston, Norwich, Norfolk (February 1). 
LECTURER (with a good university degree and experienced in the 
teaching of physics and/or mathematics in schools) IN EDUCATION 


farming and previous experience 


The Secretary and Registrar, The University, Southampton (Febru- 
ary 1). 

ASSISTANT TRIALS OFFICER (preferably with practical experience 
in crop production), to work at Leeds University Farm, Headley 
Hall, Yorks—The Secretary, National Institute of Agricultural 
Botany, I{untingdon Road, Cambridge 

CELL BlOLoGtst (with a degree and research experience (preferably 
a Ph.D.) in biology, microbiology or biochemistry), to take part in 
a research project on the fundamental biology of fibroblasts—Dr 
J. M. Mitchison, Department of Zoology, West Mains Road, Kdin 
burgh 0 

READER or CONSULTANT IN NUCLEAR Puysics—The Principal 


Bradford Institute of Technology, Bradford 

RESEARCH ASSISTANT (preferably with biochemical, biophysical or 
physiology training), to join a team engaged in research on the problen 
of intervertebral disk, herniation and degeneration-—The irs 
Royal Intirmary, Bradford. 


secre 


SENIOR RESEARCH ASSISTANT (postdoctorate physicist), to under- 
take research using rockets and satellites au SENIOR RESEARCH 
ASSISTANT (post-M.Se. or Ph.D. mathematician or physicist), to 
undertake research and to set up and supervise arrangements for 


data handling (including the use of automatic compu «rs); JUNIOR 
ASSISTANTS (female, with advanced level mathematics, G.C.E.); an 
ELECTRONIC TECHNICIAN (with initiative, and able to undertake 
accurate assembly of rocket and satellite electronic systems, and to 
take part in experiment and testing); and a DRAUGHTSMAN (with 
initiative and ability for detail, and willing to take part in practical 


development work) IN THE SPACE RESEARCH GROUP in the Physics 
Department—The Secretary, University College, Gower Street 
London, W.C.1, marking envelope “For the attention of Dr. R 


Boyd’. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


British Electrical and Allied Industries Research Association 
Technical Report G/XT161: Circuit Interruption in Vacuum. By 
M. P. Reece. Pp. 9+5 figures. 7s. 6d. net. Technical Report L/T357 
The Impulse Breakdown of Uniform-Field Gaps in Air (Interim 
Report.) By R. Galloway. Pp. i+10+21 figures. 12s. 6d. (Leather- 
head: British Electrical and Allied Industries Research Association 
1957 and 1958.) {41i 

Contemporary Physics, Vol No. 1 (October 1959). Edited by 
G. R. Noakes. (A Journal of Interpretation and Review.) Pp. 80 
Subscription price per volume (6 parts). 27s. 4 dollars, post free 
payable in advance. Price per part, 5s8., 75 cents, plus postage 
(London: Taylor and Francis, Ltd., 1959.) [411 

Ministry of Education A Career in Education for University 
Graduates. Revised edition. Pp. 15. (London: Ministry of Educa- 
tion, 1959.) {1011 

Building Research 1959) 
Mortars for Jointing. Office, 
1959.) 4d. [101] 





126 (September 
H.M. Stationery 


Station 
Pp. 6 


Digest, No 
(London : 
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The International 
Technical Experience 
f the International 


Association for the Exchange of Students fi 
Twelfth Annual Report, 1959. Pp. 72 hepers 
Association for the Exchange of Students for 
echnical Experience, Great Britain, for year ending September 1959 
Pp. 12. (Londor International Association for the Exchange of 
Students for Technical Experience, 1959.) {1011 
British Rubber Producers’ Research Association. Twenty-first 
Annual Report covering activities for the year 1958. Pp. 50. (London 
British Rubber Producers’ Research Association, 1959.) {1011 
Royal Entomological Society of London Handbooks for the 
Identification of British Insects. Vol. 1, Parts 12 and 18 : Mecoptera, 
Megaloptera and Neuroptera. By Lt.-Col. F. C. Fraser. Pp. 40. 108. 
Vol. 7, Part 2 Hymenoptera Ichneumonoidae. Ichneumonidae, 
eumoninae—1. By J. F. Perkins 
omological Society, 1959.) { 
Roy al Greenwich Observatory Bulletins. No. 14 Photoheliographic 
Re eoulte, 1956 p. 86 London H.M. Stationery Office, 1959.) 
n {1611 
“at Audit « ‘ lie Performance a Study of the Prediction of 
Academic Sucee in the Queen’s University of Belfast. By Michael 
r The Queen’s Univer 1959.) 7. 6d. [1611 
Engineer dducation and Training in 
Supplement to “Chemical Engineering—a 
nde Institutic of Chemical Engineers, 
[1611 
f London). Department of Hop Research 
1958 to 3lst March, 1959. Pp. 90 


1959 


to sut = ilies and 


58 Lente Royal Ent 


g Autoclaves 
May "1959 
I 7s. 6d 
Ww astes. Pp. 46 
: Gd. net 
November 
London 


Ste 
SOs. net 


tin of é ly onic Forum 


Bulle 


for Industry, Vol. 1, Ne 
Engineering Association, 1£59.) 

f Wales, Aberystwvt h. Welsh Plant Breeding 

st October 1956 te th September 1958 Pp. 80 

Aberystwytl We Ish Plant Breeding Station, 

{1911 

Chances 


Report 
gerddatr near 
n the Doctrine of 

graphical ote by Barnard. 

cal Transe ons 763), 53, 370-418, 

ety Jiometrik 1958), 1. 45, 


nt¢ Prefacio do 
amentos Mensais ¢ 
Pp. 635. (Lisbos 
Division 
Ad 


orestry 


London 


Sciences 


I Quadrangl 


Geological Survey 
The Morapul 
50 Lohatee : 


Department 
Coalfield 


Geologics 


m of Natural History Vol 
-Ame rican Museum of Natural History 
Corals and Coral Reefs in the Gulf of 

Pp. 367-432 + plates 28-34. (New 
ral History, 1959.) 1.25 dollars. [1011 
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Procés-Verbaux des 
1958 (29 Septembre- 


Comité International des Poids et 
Séances. 2° Série—Tome 26-A. 47° 
30 Octobre) et Comité Consultatif de Thermométrie (5° Session— 
Juin 1958). Pp. 360+ix. (Paris: Gauthier-Villars, 1959.) {1011 

Cytology, Vol. 1, No.1. Editorin Chief: A. 8. Trosin. In Russian, 
Pp. 140. (Moscow Akademii Nauk SSSR., 1959.) {1011 

Union Internationale de Cristallographie : Commission des Appareils 
Cristallographiques. Répertoire de Matérial Cristallographique, 
(Index of Crystallographic Supplies). 2¢ Edition. Pp. xxvi+126, 
(Paris: Société Francaise de Minéralogie et de Cristallographie, 1 rue 
Victor-Cousin, 1959.) {1011 

International Astronomical Union. Symposium No. 10 (held in 
Moscow, 15, 16 August 1958): The Hertzsprung-Russell Diagram, 
Edited by Jesse L. Greenstein. (Reprinted from Annales d’ Astro- 
physique, 1959. Supplements, Fascicule No. 8). Pp. 1274-6 plates, 
(Paris: Centre National de la Recherche Scientifique, 1959). [1011 

Western Australia: Geological Survey. Bulle tin No. 109: Miscel- 
laneous Reports for 1954. Pp. 180+17 plates and 23 figures. (Perth: 
Government Printer, 1959.) 

Food and Agriculture Organization of the United Nations. ! 
Report No. 1029: Report to the Government of Indonesia on Horti- 
cultural Production and Research. By L. B. Thrower. Pp. vi-+-88, 
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